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In  this  edition  a  complete  report  of  the  Proceedings  is  given  in  English.  There 
are,  however,  certain  portions  of  the  Proceedings  which  it  has  been  found  necessary 
to  give  in  two  languages.  The  sectional  reports  were  originally  drawn  up  in  most 
cases  in  French,  and  accordingly  the  official  French  original  is  here  preserved  and 
printed  in  parallel  columns,  as  was  done  in  the  daily  journal  of  the  meeting. 
Further,  in  order  to  economise,  the  list  of  delegates  and  other  introductory  matter 
has  been  printed  in  both  languages  to  serve  both  for  the  French  and  English  edition. 
Finally,  it  has  seemed  desirable  to  give  certain  of  the  speeches  in  their  original 
words.  Accordingly,  the  opening  and  closing  ceremonies  are  reported  both  in 
French  and  English. 

L.  Weissenbruch,  A.   Dubois, 

Secretary  President. 

of  the  Executive  Committee. 
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Prdsident  d*honiieiir  (Honorary  President)  : 
H.  R.  H.  the  Prince  of  Walks. 

President  (Acting  President)  : 

Right  Hon.  Lord  Stalbridge,  Chairman  of  the  London  and  North  Western  Railway  and  Pre- ' 
sidcnt  of  the  Railway  Companies'  Association. 

Yice-p^'^sidents  (*)  : 

Autriche-Hongrrie  (Austria-Hungary).  —  Autriohe.  —  S.  Exc.  le  D''  chevalier 
LitoN  VON  BiLiNSRi,  conseiller  intime  L  R.,  chef  de  section  au  minist^re  L  R.  du 
commerce,  president  de  la  direction  g6n6rale  L  R.  des  chemins  de  fer  de  TEtat 
autrichien. 

Heagrid.  —  Jules  Ludvigh,  conseiller  ministSriel,  membrc  de  la  Chambre  des  magnats, 
directcur-pr^sident  des  chemins  do  fer  de  TEtat  hongrois,  membre  de  la  Commission 
intemationale  du  Congr^. 

Belgique  (Belgium).  —  A.  Dubois,  administmteur  des  chemins  de  for  de  TEtat  beige, 
pr6sidcnt  de  la  Conmiission  intemationale  pcrmanente  du  Congrds. 

Brteil  (Brazil).  —  Roberto  Trompowsky  Leitao  dk  Almeida,  lieutenant-colonel  du  gdnie, 
chef  de  la  Commission  du  minist^re  des  travaux  publics  en  Europe. 

Gllili.  —  Victor  Pretot  Freire,  ing6nieur,  inspecteur  technique  des  mat6riaux  en 
Europe. 

Congo.  —  Le  major  Albert  Thys,  officier  d'ordonnance  du  Roi  des  Beiges,  administrateur 

directeur  g6n6ral  de  la  Compagnie  du  chomin  de  for  du  Congo. 

• 

I>aneniark  (Denmark).  —  Tegner,  directeur  general  des  chemins  de  for  de  TEtat  danois, 

ifigypte  (Bgypt;.  —  S.  Exc.  Bogos  Pacha  Nubar,  administrateur. 

\}]  Bo  verta  de  rarticle  IS  des  statuts  du  Congr^s,  le  premier  d^Mgu^  de  chaque  Gouvernement  tii  de  droit 
▼ioe-prteident.  (Art.  It  of  oontiitation  of  the  Congress  runs  aft  follows  :  The  delegate  nominated  first  hj  each 
OoTiemment  is  ex-offlelo  vice-president.) 
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Bspagne  (Spain)-  —  E.  Echegaray,  ingcnicurcn  chef  au  minist^rc  dcs  travaux  publics. 

titats-Unis  d'Am^riqae  (United  States  of  America).  —  James  R.  Roosevelt, 

secretary  of  the  United  States  Embassy  in  London. 

France.  —  Alfred  Picaro,  inspecteur  g^n^ral  des  ponts  et  chauss^es,  pr^ident  dc  la 
btx:tion  dcs  travaux  publics,  de  Tagriculturc,  du  commerce  et  de  I'industrie  au  conseil 
d'Etat,  vice-pr6sident  du  comity  consultatif  des  chcmins  de  fer,  vice-prfeident  de  la 
Commission  intornationale  du  Congres. 

Grande-Bretagne,  empire  des  Indes  et  colonies  (Great  Britain,  India 
and  Colonies) : 

A.  Grande-Bretagne  (Great  Britain).  —  The  Earl  Cathcart. 

B.  Empire  des  Indes  et  colonies  (India  and  Colonies).  —  Indei  (India).  —  Col.  R.  A. 

Sargeaunt,R.  E.,  Assoc.  M.  Inst.  C.E.,  F.  J. Inst.,  director-general  of  Indian  Railways. 

Canada.  —  Sir  Charles  Tupper,  Bart.,  G.  C.  M.  G.,  C.  B.,  High  Commissioner  for  Canada  in 
London. 

Natal.  —  Walter  Peace,  C.  M.  G.,  agent  general  for  Natal  in  London. 

Anitralie  de  TOaeit  (Weitain  Aaitralia).  —  Sir  Malcolm  Fraser,  K.  C.  M.  G,  agent-general 
for  Western  Australia  in  London. 

Anitralie  dn  Snd  (South  Anitralia).  —  The  Hon.  Thomas  Playford,  agent  general  for  South 
Australia  in  London. 

Nonyelld-Gallei  dn  Snd  (New  Sonth  Walei).  —  Edward  Miller  Gard  Eddy,  chief  commis- 
sioner of  the  New  South  Wales  Government  Railways. 

Nonyelle-Z^lande  (New  Zealand).  —  John  Carruthbrs,  Consulting  Engineer  to  the  Government 
of  New  Zealand  in  London. 

Queensland.  —  Sir  James  Garrick,  agent  general  for  Queensland  in  London. 

Tasmanie  (Tasmania).  —  Sir  Robert  G.  W.  Herbert,  G.  C.  B.,  agent  general  for  Tasmania 
in  London* 

Italie  (Italy).  —  Le  comte  Louis  Ripa  di  Meana,  inspecteur  g^n^ral  des  cbemins  de  fer. 

Japon  (Japan).  —  Hikokichi  Ijuin,  secretaire  de  legation  du  Japon  k  Londres. 

Mezique  (Mexico).  —  Luis  Salazar,  ing6nieur» 

Norv^fi^e  fNoirway).  —  C.  Pihl,  directeur  pour  le  departement  de  construction  auz 

« 

chemins  de  fer  de  I'Etat  norvegien. 

Pays-Bas  f  Holland,;.  —  J.J.  van  Kerrwur,  membre  de  la  seconde  Chambre  des  Etats- 
G6neraux  des  Pays-Bas,  membre  de  la  Conunission  Internationale  du  Congrte. 

Poi^tugal.  —  Bento  Fortunato  de  Moura  Continho  d'Almbida  d'E^a,  ing6nieur  inspecteur 
de  I"'  classe  et  membre  du  conseil  des  travaux  publics  et  des  mines. 

Roiunanie  (Roumania).  —  Duca,  directeur  g6n6ral  des  chemins  de  fer  de  TEtat  roumain, 

•  

profcsseur  a  I'Ecole  des  ponts  et  chauss^es  de  Bucharest,  membre  de  la  Commission 
intemationale  du  Congrfe  et  rapporteur. 

Russie  (Russia).  —  Alexandre  Ybrmolow,  conseiller  priv6,  directeur  de  la  chancellerie 
du  ministrc  dcs  voies  de  communication. 
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Serbie  (Servia).  —  Miuvoie  Yossimovitch,  inspecteur  g6n6ral  des  chemins  do  fer  dc  I'Etat 
scrbc. 

Slam.  —  Xavirr  Oun,  ancien  ministrc  des  travaux  publics  dc  Bolgique. 

SuMe  (S'Weden).  —  Le  comte  Rodolpub  Cronstedt,  directeur  g6n6ral  des  chemins  de  fer 
de  TEtat. 

Suisse  (Switzeorland).  —  Johann  Tschibmer,  inspecteur  technique  au  departement  des 
postes  et  des  chemins  dc  fer. 

Turqnie  (Turkey).  —  Le  commandant  Ghalib  Bey,  attache  naval  de  la  legation  de  Turquie 
k  Londres. 

Secretaire  g^9Ural  (General  Secretary)  : 

Sir  Henry  Oakley,  general  manager  of  the  Grcai  Northern  Railway  and  secretary  cf  the 
Railway  Companies'  Association. 


Bureau  des  seotions.  (Officials  of  the  Sections.) 


SECTIOIV     I. 

PrMdent,  —  Richard  Jetttblbs,  conseiller  L  et  R.  aulique,  directeur  g6n6ral  du  chemin  de 
fer  du  Nord  Empereur  Ferdinand  d'Autriche,  membrc  de  la  Commission  internationalc  du 
Congr6s. 

Secretaires  principatuc. —  Dbbray,  ing6nieur  en  chef  des  ponts  et  chauss6es  de  France,  profes- 
sear  k  rEcole  nationals  des  ponts  et  chauss6es,  secretaire  g6n6ral  de  la  commission  de  m^thodes 
d'essai  des  mat^riaux  de  construction. 

E.  Andrews,  Resident  Engineer,  London  and  South  Western  Railway. 

Secretaires-rapporteurs,  —  Demoulin,  inspecteur  du  materiel  et  de  la  traction  des  chemins  de 
fer  de  TOuest  fran^ais. 
Lesub  Robinson,  Assiociate  Member  of  the  Institution  of  Civil  Engineers. 

President,  —  Kossuth,  ing^nieur,  directeur  de  Texploitation  du  deuxi^me  compartiment  des 
cheminB  de  fer  de  la  M6diterran6e  (Italic). 

Secretaires  principaua.  —  Sauvage,  ing^nicur  en  chef  des  mines,  ing^nieur  en  chef  adjoint 
du  materiel  et  de  la  traction  des  chemins  de  fer  de  T Quest  fran^ais. 
Lieut.  E.  P.  C.  GmouARD,  Royal  Engineers. 

Secretaires-rapporteurs,  —  de  Freminville,  inspecteur  du  materiel  roulant  au  chemin  dc  fer 
de  Paris  k  Origans. 

E  R.  Dolby,  Associate  Member  of  the  Institution  of  Civil  Engin^rs,  Member  of  the  Institu- 
tion of  Mechanical  Engineers,  Whitworth  Scholar. 

WiLDHAGEN,  inspoctcur  principal  de  la  Compagnie  intemationale  des  wagons-lits  ct  des  grands 
express  europ6ens. 
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ticcrriox    III. 

Pr^Ul»:fit.  —  >.  KeRBEDZ,  in^^nk-ur.  presidr::ri£  ducbvniin  AkI.t  X'ladicau^.'ase. 

SecriHair*r4  pri"'  ii^iiu:.  —  Fra5';o:»  J?CHULE,  ingtrtkar -iu 'V-ri'iSMe  aa  dOpartomcnt  federal 

VicTOR  GfJiARD.  C  .»ntL'ioriial  Traffic  Manager,  London.  BrigLT'-n  and  Si^uth  Coast  Railway. 

Serr^'Ourri-ropp  ,*ctirs.  —  Favkk,  chef  de  la  gare  mari::niv  d»?  Calais  da  chemin  dc  for  du 
Nord  frari<;siL«. 
VisiNET,  agent  dv  la  O^mpagnie  dcs  cbemins  de  fer  de  I'Oucst  frao^is  en  Angloterrc. 
NiKSSKN,  aiforit  •■:  the  lynlou.  Chatham  and  Dover  Railwav  iii  Colosme. 
Captain  Cm  RCH WARD,  agontof  the  London.  Chatham  and  I>*>%-er  Railway  in  Paris. 

ABoriosi    ■%'. 

Presiffr.tt.  —  Lw».\  Say,  membre  de  rinstitut,  vice-pK':iiilv!it  d»?s  chemins  dc  for  du  Nord 
frant^ij*. 

Secrtftaircf  jn-ifcijxiiuc.  —   Cornel  Tolnay,  inspccteur  principal  a  I'inspcction  g^ndrale  des 
chemins  r]«;  fer  't  do  la  navigation  au  minist^re  du  commerce  de  Hongric. 

C.  J.  OwK.\«,  ^hief  goods  manager,  London  and  South-Westem  Railway,  Royaume-Uni. 

Secretairiis-rapji^yrteun,  —  Guilloux,  sous-inspecteur  dfs  son'ices  administratifs  du  chemin 
do  fer  du  Nord  fnin<;ais. 

H.  H.  Spiller,  general  Continental  agent  of  the  Midland  Railway. 

Pr^4klr,it.  —  The  Right  Hon.  Sir  .Arthur  Ot^'ay,  Bart.,  director  of  the  London,  Brighton 
and  South  Coast  Railway. 

Virc'jircsldenl.  —  Gustav  Behre.ns,  director  of  the  Midland  Railway. 

SecrtHaires  prittcifMua:.  —  Lc  baron  .Albert  de  Fuiri.ant,  ingenieur,  chef  de  sen-ice  de  Texploi- 
tarion  a  la  Sor.-i/^t6  g«}n6ral»i  de  chemins  de  for  economiques  b«?lges. 
Hon.  T.  C.  Farrkr,  director  of  the  Midland-Uruguay  Railway. 

Sea'etuircs-rajqyntetirs ,  —  Lo  Dr.  Harry  L.  Hirschl,  ><fretain*  du  presidrtit  dc  la  Soci6t«> 
aiitrichionno-hongroiso  dos  chemins  do  for  dc  I'Etat. 

Captain  Civk,  K.  N.,  agent  of  the  South-Easteni  Railway  in  Paris. 
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DES  DELKGUES 


OF  DELEGATES 


INTRODUCTION 


t  groulr  cwi   oi>ii 
«  MMgaita  *  Irndui 


*Ti<rei  des  fonotionnaires  des  obemins 
de  fer  anglais  et  americaint. 

Angleterre.  —  Lf?  flrimiiiislniteura  {'/^.■cl- 
»rj)»jnnlii  lejr  Ute  un  priiideal  {chairman)  el 
in  ou  dciii  Tice-prfsideiils  {deputy  cfairir.en) 
brmtnl  le  Coiiseil  {Board).  Le  principal  fono- 
A  le  direeleur gkoMai  Igmeral mana- 
ilre  la  raipon^abilit^donlileM  charge 
a  [lirMlion  dc  la  tigae,  les 


es,  et  k 


egoi 


Mines,  ejt  fp^ialement  a  la  Idle  dii  d^pnrteineiU 
ijn  trsOe  {I'-afflc  drparlmnti)  qui  riuiiil  I'eiplui- 
et  le  lervice  commercial. 
tctement  sous  seg  orJres  il  y  a  :  1°  li>  dirct.'- 
1  cbef  des  niarchsndis«a  ou  c\iel  du 
a  commercial  [chirf  goodi  manager)  asec 
laiitcc,  le  direeleur  en  chef  adjolnl  des  uiar- 
tbtaitatt  faitiilanl  good*  manager],  le  direeleur 
<!<9  cLarbons.  etc.  [mineral  manager),  le  direc- 
Ifiiii  ilu  setWce  Mt^rieur  des  marcbandises  {out- 
door goods  manager)  el  les  cliofs  de  service 
rtgionDuidesniarrbandis«((IifrrKf^an(fi  mana- 


poHblt>le,  giving  tr&n 
ing  Jlnl  or  dPlEgaui 
Bdriuble  to  add  a 
which  •til  ensblade 


Official  Titles  on  English  and  American 
Railway!. 

England.  —  Tl.u  diivciors,  -^Uh  ul  llieir 
head  a  chairman  nnd  one  or  Iftj  drputy  chair- 
mfv.  tuDStilale  the  Board.  The  principal  oSi- 
cer  is  the  general  manager,  who  iu  nddilioii  to  a 
general  respoiiBibilitj  for  the  niiinagpmeihl  of  the 
line  as  a  whole,  for  negocialions  nitb  the  Oovern- 
ment  and  other  Compaoies,  and  nil  other  impor- 
tant mailers  of  policy,  is  more  parllcularly  at 
the  liead  of  llie  Iraffic  drparliiuiit. 


Directly   under  him  ore  (1)  the  chief  goodt 

mineral  manager,  uul  door  goodi  manager 
and  diiiri'  I  goodt  manager ;  und  (3)  llie  auper- 
tnlendent  of  the  Unf,  called  also  giiieral  taper- 
tntendent  and  traffic  tvperinlendntt  and  very 
frequeiillyfiiprr/nfmi/riil  merely,  nith  his  attit- 
lanl  tuperinUndenI ,  oul-door  fuperinleiidenf , 
and  ditlrici  tvprriHlend/nti , 
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geri},  el  !<>le  surintendanl  de  Is  ligaeou  chrfdu 
mou lament  (tuperinteHdenI  of  the  line,  general 
lupertnlendenl  ou  tra//lc  luperiiilenilenl,  el  Irta 
rrtqaemment  luperinlenient)  aiec  acm  adjoint 
(asiUlanl  tuperintendeni)  son  aurinlendsiit  du 
servica  eiUrieur  (nut-door  tuperinlendenl),  el 
sas  chefs  de  service  r^ionsui  {diilricl  (uperin- 
iitidftiU). 

A  la  Wle  du  sertice  de  la  vole  {tTtgineering  ou 
pfrmaiirnl  iray  ou  tcay  and  lOorft*  deparlmcnl) 
ae  Iraure  I'lugAiiieur  en  chef  du  service  de  la  vole 
Gt  des  bilimenlB  (engineer  ou  chief  engineer  ou 
crri(  engiieer)  11  fl  giniralemenl  sous  ses  ordres 
un  inginieur  en  chef  de  I'entrelien  {chtef  engi- 
neer of  open  linen),  uu  ou  deux  ndjoinls  (a^sit- 
lant  enginecri)  el  un  personnel  d'lngenieurs 
rdgiooRUi  ou  divlaionoairea  {dieiiional  ou  dit- 
trie!  engineeri)  ■ 

Outre  lee  ingfinieurs  faiaanl  parlie  de  leur  per- 
Honiiel,  i^lasieurB  compagnies  onl  un  inginieur- 

d'inginieuri-coniells  a  laquelle  elles  s'adresseni 
poor  leg  iifbireidifBcites  ou  bien  pour  tea  aider  a 
rMiger  leademandes  ndrrsades  an  Parlement  pour 
oblenir  la  concession  de  nouvelles  lignea  i  con- 

A  la  Ule  du  Berrice  de  la  [racUon  et  du 
maUrtel  est  le  chef  de  la  Iraclion  (locomotire 
•uperinlendtni)  ou  inginleur  en  chef  des  coo- 
Rlruclions  micaniquea  {chief  mechanical  engi- 
neer). IlaMusaeaordresunoupluaieursailJoinls 
(atililant  tocomolice  tuperintendenU),  un  chefdu 
service  des  ateliers  (uwrAi  manager)  el  deui  ou 
pluEJeurs  cheb  de  service  r^ionaui  {dtvitional 
locurnoiive  ruperiniendcnii).  L'inapeoteur  en 
clief  du  maUriel  roulant  (carriage  and  magon 
tuperinlendent)  e»l  parfuii  subordonnA  au  chef 
de  It  Inclion  et  parfoia  il  en  eal  indipendnnl. 

Lea  flutre»  foaclioanaires  supArieurs  {cAief 
olflcer4)  de  la  Compagiiie.  souvenl  appel^  fonc- 
lionuairesdi»Coiiseil(Buu'if  Oj^ceri)  parte qu'ila 
dependent  di reclemen t  du  C'lnseil,  soot  les  chefa 
de  service  mivants  i  le  »ecr*taire  {leerctarg)  (qui 
est  le  repriienlanl  offl  ;iel  de  la  Compagnie  auprie 
dea  Iribuiiaui  et  qui  est  Hnstrunienl  confldanliel 
du  ConaeilJ.  i'avju^  (toUeitor),  I'agenl  du  duoiaine 
privl  {land  and  eilale  agent),  \e  chef  cooiptable 
{accountant),  le  cbef  du  service  dea  magoaina 
{itore  litcper  ou  itvret  luperlntendeni),  et  par- 
fois  un  cherdu  service  des  liltes  [reglitrar),  un 


erv^tlegS^nSS^y 


At  Ihe  head  of  the  engineermg  t 
also  called  permanent  teay  department  q\ 
«iid  Korkt  departinnii,  is  tlie  engineer,  also 
called  chief  engineer  and  civil  engineer.  He 
generall;  bns  under  him  a  chief  engineer  of  open 
linee,  one  or  more  aitiilant  engineers,  and  a 
slafT  of  rfici«:om(  or  ditlrict  engineer!. 


hi  addilion  to  the  ei 


.ugii  lo  the  engineers  on  llieir  own  tta/T, 
in;  Conlpanioa  have  a  coniulting  rnginerr  or 
BonetimeE  a  Hrm  of  engineers  as  oniulfaalt, 
who  arc  called  in  U>  advise  in  diHicult  matters 
and  to  support  spplicalions  to  Parliament  lor 
power  lo  construct  new  lines. 


Al  I  lie  lieedof  llic  locomotive  or  roilitg  tiaek 
department  is  Ihe  toeomolive  tuperinlendent, 
sometimes  called  the  chief  mechanical  engineer. 
He  Una  under  lilm  one  or  more  asiiitant  loco- 
motiee  luperintendenti  and  a  laorki  manager,  \ 
and  two  or  more  divitiaual  locoinotice  luperin- 
lendenlt.  The  carriage  and  magon  tuprrtn- 
tcndcnt  is  sometimes  subordinate  lo  the  locomo- 
tive Euperiiilendenl.  soinetimea  an  independent 
officer. 


The  other  chief  offla-ri  ai  the  CoTUpaoj.  fre- 
quenll;  called  Board  nfflcert,  because  the;  report 
directlj  lo  Ihe  Board,  nre  the  following  head*  of      i 
departmenit  :  Secretary  (Ihe  offl'.-ial  repreMotl- 
Iiv4  of  the  Company  in   lawsuita  and  in  dealioga      | 
with  the  Government  unci  (he  conddenti^it  im-      , 
vanl  of  the  BdBrd).  loUcitor,   la^td  and  eilale     jj 
ajeni,  acciiuntant,  ttore  keeper  or  itorei  tuptr- 
inlendenl,  and   aomelimes   vegietrar,  eathltr. 
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caissier  {cashicf)  et  un  tr^sorier  {(rccuurcr), 
Les  fonctioiinaires  suivants  ont  auasi  des  fonc- 
iioDs  comportaok  une  cerfcaine  ind^pendance,  bien 
que  leurs  services  soieat  souvent  subordonn^s  a 
Tun  ou  A  Tautre  des  services  principaux  :  le  chef 
da  serrioe  des  til^graphes  {telegraph  superinten' 
dait)t  le  chef  des  services  mari  times  {marine 
tuperiiitefideni),  Tinspecteur  en  chef  du  service 
des  signaax  (signal  superinunc'ent),  le  directeur 
des  h6tels  e(  des  buffets  (ho  cl  and  refreshment 
room  nunv»ger), 

ttats-Unis.  —  Le  president  du  conseil 
(fadminiskration  aux  ^tats-Unis  est  g^D^ralement 
appel^  president  (e(  non  chairman  comme  en 
Aoglelerre).  Parfois,  cependant,  il  y  a  un  chair- 
man qui  pr^ide  les  stances  du  conseil,  iandis 
qo'ii  exists  aussi  un  president  de  la  compagnie. 
Le  prtoident  a  sous  ses  ordres  un  ou  plusieurs 
ties-presidents,  qui  son(  ou  ne  son(  pas  membres 
dn  oonseil.  Ghacun  des  vice-presidents  est  plac^  a 
la  tMe  d'une  ou  de  plusieurs  branches  du  service. 
Le  prteidenk  et  les  vice-pr^idents  sonk  done  les 
principaux  fonctionnaires  d'un  chemtn  de  fer 
aoilricatn  et  ils  en  repnteentent  le  pouvoir  ex^a- 
tif.  Les  principaux  services  placte  sous  leurs 
ordres  aont: 

Lb  SBca^ARUT  —  dirig^  par  un  secretaire 
[teeretary)  —  a  la  garde  des  archives  a  Texclu- 
sion  des  pieces  de  comptabiliie ;  il  est  charge 
^lonent  de  remission,  du  transfert,  etc.,  des 
actious  de  la  compagnie. 

La  Tft^soRBBiE  —  dirigee  par  un  tresorier 
[treasurer)  —  a  la  responsabilite  de  la  caisse  et 
da  portefeuille,  opere  les  receltes  de  toute  nature 
et  fait  les  pajements  d'aprds  les  cirdres  de  tels  ou 
lets  fonctionnaires  oucomites,  conformement  aux 
rtglements. 

Lb  sbbvicb  db  la  comptabilit^  —  dirige  par 
un  chef  de  la.comptabilite  {comptroller  ou  gene- 
ral  auditor)  —  est  charge  de  la  tenue  de  tous  les 
registres  et  des  comptes  de  la  compagnie. 

Lc  chef  de  ce  service  est  generalement  assiste 
par  des  comptables  speciaux  des  receltes  des 
marrhandises,  des  recettes  des  voyageurs,  des 
depenses,  etc.  (auditors  of  freight  receipts, 
passenger  receipts,  disbursements,  etc.),  II  est 
d'babitude  sous  les  ordres  directs  du  president  ou 
d'an  vice  president,  mais  c'est  quelquefois  I'un 
des  vice-presidents  lui-meme  et  dans  ce  cas  il 


The  following  officers  have  also  independent 
titles,  though  their  deprtments  are  usually 
subordinate  to  one  of  the  other  principal  depart- 
ments :  Telegraph  sttpertntendent,  marine 
supeHntendent,  signal  superintendent,  hotel 
and  refreshment  roam  manager. 


United  States.  —  The  chairman  of  the 
Board  of  directors  in  the  United  States  is  gene- 
rally called  president.  In  some  cases,  however, 
these  two  functions  are  separate.  The  president 
is  assisted  by  one  or  more  vice-presidents  who 
may  or  may  not  be  members  ol  the  Board.  They 
each  exercise  general  supervision  over  one  or 
more  Departments  specially  assigned  to  them. 
The  president  and  vice-presidents  are  therefore 
the  principal  executive  officers  of  an  American 
railway.  The  chief  departments  under  tiiem  are 
as  follows  : 


Thb  sbcrktariat  —  with  a  secretary  at  its  head 

—  has  charge  of  the  records  of  the  Company  as 
distinguished  from  the  accounts  and  is  charged 
also  with  the  issue,  transfer,  etc.,  of  the  Com- 
pany's shares . 

Thb  treasury  —  with  a  treasurer  at  its  head 

—  is  charged  with  the  custody  of  the  Company's 
money  and  securities,  receives  the  cash  from 
every  soun.'e  and  distributes  it  under  the  direc- 
tion of  such  officials  or  committees  as  the  regula- 
tions of  the  Company  provide. 

The  accounting  dbpartmbnt  —  in  charge  of 
a  comptroller  or  general  auditor —  has  charge  of 
all  the  books  and  accounts  of  the  Company. 

-He  is  usually  assisted  by  auditors  of  special 
departments  such  as  freight  receipts,  passeng^ 
receipts,  disbursements,  etc.  He  ordinarily 
reports  to  the  president  or  to  a  vice-president, 
but  in  some  cases  is  himself  a  vice-president  and 
reports  directly  to  the  Board  of  directors. 


LISTS  atoduw  DBS  o&tiooda. 


depend  dircrtCDient  dacoDMil  d'wIininUI ration . 
O  qu'un  appelle  le  seBvica  du  rxnc  da 
chetnine  de  fer  MnCricains  ne  compTtni  if  pim 
idUTCiit  qae  rciploilation  commerciulr,  II  est 
dtHg«  p,ir  un  cbef  du  Mnicc  camnwrcUt 
{Irafflt  m^nastr),  ayaat  >ou*  tt»  arAttA  un 
inipecteiir  principat  (osagenl  geniral)  du  tenrjcc 
doa  nUKThondises  Ij/fneral  freight  afKnt)  e(  un 
inspecteur  [irincipal  (ou  agenl  gjniral)  da  lerTice 
des  Tojujeur*  i^axtral  patteagf^  agent)  niee 
tears  adj  lintc  (aMu(iin(t)el  leura  clieFs  de  service 
di  vision na I  res  {dhiilonal  frright  and  pamngrr 
agentt).  Dnns  quelqnes  CflS,  c'esl  un  vlcapr^'- 
dent  qui  est  directemeol  a  la  U(«  da  lerrice  do 
trifle  rl  paribis  il  camaU  oette  direction  nvec 
calle  de  l'adiiiinis:ratioa  ^niral*  dc  \a  com- 
[Mgnic. 

Le  SKRVIca  ORL'urLOITATION    OU   de    la    DIHEC- 

TIDN  oitMEBALE  (O^WTOfitij  OU  general  manage- 
menl  department)  compreiid  reiptoilnlion  tech- 
nique cl  est  dirig*  par  nn  direeleia-  gtiUral 
(jfenernl  manager),  qui  ett  louTeiil  auasi  I'an 
des  TJce-prA«dsn(s.  lla  la  direction  g^eroledcs 
transport?,  dtt  mojvement.et  (Je  1 'en  Ire  lien  de  la 
voie.  y  compriB  les  constructions  nonvellrB.  II  a 
sous  tes  ordrat  ua  directeur  general  odjoiDt 
(aititlaiit  general  m-inager),  del  cltefs  d'eiploi- 
tatioti  {'leneral  tuperintntdenl'},  uu  iogiiaiearen 
chef  de  \avtjie{ehuf  engineer},  undierdewriice 
des  lAl^raphM  [inperialendenl  of  telegrapht), 
un  in^uienren  cberde  In  trnctiun  {*uprrinU-n- 
dent  of  niotiet  powtrj,  un  chef  de  service  dc* 
nteliera  [iuprrinltndentofmaciinerg).eK.  Les 
direeleura  d'Mploitalion  eonl  gfiatnlenienl 
ciiarg^i  Mulemontdu  mouiemenl  elde  J'enlrelieo 
d*  la  voie  d'one  des  grBndti  di'i&ioni  du  rftaeia 
iI  lUontMUa  learn  ordres  del  diefa  de  service 
de  reiploilalion  diiisionnalreii  ou  rtgionaut 
{HpUlon  tupeririifndenU),  des  chefs  da  section 
(rMid  mailertj  ou  des  iaginieurs  de  rentrvtion 
de  la  vole  (angineert  of  mainienanet  of  K>ay), 
d«»  cliefs  de  dAp&bt  {ma$tir  mechanicii),  de& 
che'i  du  mouvemMl  on  agents  chargt*  de  I'etpt- 
dition  dee  lraiiis(('vfn  dnip^tehertf.  etc. 

Le«  cfaefi  du  sErrice  comnurdal  rigionnut  ou 
divislonnQirvt  sont  sous  let  ordrct  directs  du 
chef  du  serriee  coini»et-<:ial  uu  bieo  des  chela  df  ■ 
Mrvices  des  marcliandiics  «t  dea  rofsgeur*,  at 
DM  des  cbefi  dc  rotpl<iilatlon  des  grandcs  divi- 


<tf  Am 

vara  is  oanillT  coaceroed  odI;  vtt  0 

cial  serTtee.     11'^  cliief  ofi.-cr*  WBOV 

ger  assiiled  b;  •  general  freifkt  mfau  a 

general  ptuieagrr  agent  vilh   Cacir  < 

and   diriiional   frjighl    ami  ywifyri-  HJiiMi 

In  aone  caaes  a  vice-preaideat  i*  at  tha  k«a4  * 

the  IraSc  departroent  and  ollcn  cwabcBM  tka 

dnij  aith  thai  of  direction  of  tbe  ofxraliaa*  n 

gcoeral  manageracDt  of  the  a 


Tna  on  

rilj  uader  the  charge  ell 
general  manager,  who  is  in  ver;  man;  cav*  alM 
a  vice. president  of  Ihe  compauv.  He  liai  ^ca»- 
ral  supervisioii  of  the  trsnspartation,  tr<l9c  »at 
auuntcuanfe  iocludinf  rouilruetion .  He  ia 
generoU;  assisted  bj  an  attitlant  gmrral  mana- 
ger, general  tvperintendenit ,  chief  engineer, 
luperisleadent  of  lelegrojJtt,  tiiperintnutenlt 
of  motive  }/ower  -jitd  ma.-hin'rg.  etc.  The  gene- 
ral soperiolendenU  are  utooll;  in  diarge  of 
g-rand  divisiuns  of  the  line  wilti  relpect  to  trans- 
porlalionand  msinlensnceoalj^.  being auisledb; 
dnition  tuperiiUendenit,  raadmaiteri,oTeitgi- 

Iraln  deipat:hert,  e 


;  0/ ipay,  imutmiircAai 


Ot'iaion  tnfflc  offidnls  nsuallj  rrporl  dirMi- 
lo  Ibe  head  uf  Ihe  traffic  depnrttnenl  or  lo  lh» 
heads  ot  Ibe  freight  nnd  passenger  depnrlinenU 
and  not  to  the  divifiionul  general  'iiperiiitendeot 
or  sujierinteiideiilt. 
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litres  et  qualites  des  fonotionnaires 
dM  ehfiminfl  de  fer  da  continent. 


Gompagoies  priv^s.  —  Comme  en  Angle- 

ierre  comme  aux  iStats-Unis,  le  conseil  d'adtni- 

niMlroHon    est    inyesti  des   pouvoirs    les   plus 

Meadosponr  TadmiDistration  de  la  Soci^U,  mais 

il  dil^e  en  giftn^ral  ces  pouToirs  k  un  comity 

tsUtvOif  permaoenl  de  cinq  k  sept  membres, 

(joi  font  k  tonr  de  r6le  un  service  hebdoma- 

daire  pour  la  verification  de  la  caisse  centrale 

el  dM  tilres.   Ce  comity  d^l^ue   k  son  tour 

ses  pottfoirs  au  directeur  ou  db*ecteur  g^niral 

it  la  Compagnie    qui   est    I'autoritd   charg)6e 

d'extoiter  les  dteisions  du  conseil  ou  les  ordres 

da  goBTernement. 

UgmiTememenk  a,  en  g^n^ral,  une  action  de 
0ODtr61e  rar  toutes  les  afTaires  des  compagnies, 
n»i8  ritndue  de  cette  auftoritd  varie  de  pays 
a  pays. 

Eo  France,  le  oontr6le  du  gouvernement  est 

dtroipar  un  directeur  du  contr61e  des  chemins 

deiaran  mioistdre  des  travaux  publics,  qui  est 

iodipaodant  de  I'administration  des  chemins  de 

fcf  da  r^t.  L'oiiganisation  de  Tadministralion 

dai  chemins  de  fer  de  I'lStat  est  exactement  sem- 

Uabla  i  celle  des  grandes  compagnies,  et  elle  est 

wttBiie  4  la  mAme  surveillance  que  celles-ci. 

La  anrveillance  de  cbaque  grand  rdseau  forme 

ellHiitaie  on  service  de  surveillance  k  la  t^te  de 

l<<lialle  se  trouve  un  intpecteur  giniral  de$ 

M^  oa  de»   ponts  et  chauss^es    assists  de 

futtre  ingi/iieurt  en  chef  et  &un   intpecteur 

pmdpal  du  conirdle  de  Vexploitation  commer- 

ciaie,  aiasi  que  d'ing^nieurt,  de  contrdleurt,  de 

commiuaires  de  turveiUanc^f  etc.,  de  chaque 


Ba  Rostie,  le  directeur  de  chaque  Compagnie 
Oippeli  aoski  directeur  de  Texploitation)  est  nomm^ 
pw  la  goufemement  sur  une  liste  de  candidats 
f'T^olte  par  le  conseil  et  il  est  responsablt, 
^A-tis  du  miniatre  dct  votes  de  communi- 
fttiion,  de  T^tat  gendral  de  la  voie,  des  ouvrages 
d*art,  du  materiel,  etc. 


Titles  and  Functions  of  Railway  Officials 
on  the  Continent. 

Private  lines.  —  The  Board  (Conseil  dad- 
ministration),  as  in  England  and  in  the  United 
States,  has  full  control  of  the  management  of  the 
Company,  but  as  a  rule  it  delegates  its  power  to 
a  permanent  Executive  Commiltee  (CofniU  ea^' 
cutif)  of  from  five  to  seven  members,  one  of 
whom  attends  daily  at  the  office  according  to  a 
rota  to  examine  the  cash  accounts  and  share  re* 
gisters .  The  Committee  in  its  turn  delegates  its 
power  to  the  manager  (directeur  de  la  Compa- 
gnie)  or  general  manager  (dii^ecteur  giniral  de 
la  Compagnie)  who  is  the  executive  officer  charged 
with  carrying  out  the  decisions  of  the  Board  or 
the  orders  of  the  Government. 

The  Government  has,  as  a  rule,  supreme  con- 
trol  over  the  Company's  affairs,  but  the  extent  of 
its  authority  varies  from  one  country  to  another. 

In  France  the  Government  control  over  all  the 
Railways  is  exercised  by  a  Railway  Comptroller 
in  the  Ministry  of  Public  Works  (directeur  du 
contrOle  des  chemins  de  fer  au  Minist&re  des 
Travaux  publics)  who  is  independent  of  tlie 
State  Railways  administration.  The  organisa- 
tion of  the  State  Railways  is  exactly  the  same  as 
that  of  the  great  Companies,  and  it  is  subjected 
to  the  same  control  by  the  Ministry  of  Public 
Works  as  they  are.  The  inspectorate  (surveil- 
lance) of  each  great  Company  forms  in  itself  an 
Inspecting  Department,  at  the  bead  of  which 
there  is  an  engineer  having  the  rank  of  inspector 
general  of  the  Mines  or  of  the  Roads  and  Bridges 
Department.  He  has  as  assistants  four  chief  en- 
gineers (m^^/ii^urjr  en  chef),  a  principal  inspec- 
tor of  commercial  working  {inspecteur  principal 
du  contrdle  de  Vexploitation  commerciale),  and 
a  staff  of  engineers  (mp^/ii'eurx),  examiners  (con- 
trdleurs)  and  commissaries  (commissaires  de 
surveillance). 

In  Russia  the  manager  of  every  Company  (also 
called  traffic  manager)  (directeur  de  Vexploita- 
tion) is  nominated  by  the  Government  out  of  a 
list  presented  by  the  Board,  and  he  is  responsible 
to  the  Minister  of  communications  (voies  de  com- 
municaVon),  for  the  maintenance  of  the  perma- 
nent way,  works,  rolling  stock,  etc. 


LISTE  Ot!xiiRALE  DES  Dl^LliailliS. 


Ell  AulHche  et  en  llalie.  t'iiispection  g^ndrale 
des  clieiniiia  da  Ur  eat  divjs^  en  cinq  sections 
(coiiitnirlioiii.  mouvement  el  tracUoii,  eiptoi- 
(•lion  commercials,  gnniiitiei  et  compl«bili(6  et 
adnuniatrBlioii  gtn^rale). 

Gbacana  d'elles  est  dirigie  par  un  intpiclrw 
yinti-al  aissIsIA  d'iiupecteurt  en  chef  ou  prin- 
cipaux  (obar  inspeclore),  d'impectewi    et    de 

En  Suiu«,  !e  coalr5]e  reUve  d'une  seclion 
spieiaUduministAre  des  cbemios  defer  partag^ 
en  deui  divisiODa,  I'uae  adminiatrBlive.  I'liDli'e 
[ectiaique.   A.   la  Ute   de  chacuua  de  celles-ci 


6  d^ing^nv 


>  du 


Ea  Beigiqup,  le  (oiitrfile  oe  fait  peu  senlir.  II 
est  eteroA  par  I'nilmiuiilratioQ  des  chemins  de 
(er  de  I'fital  qui  est  aussi  chai^Ae  de  I'octroi  dea 
conceaaioas  iiourellea  el  de  In  coualrucljou  des 
iiODvellea  ligiiea. 

En  Hollande,  oii  toua  lea  cbemiiia  de  fer  sont 
eiploitis  par  dea  Compngiies.  ie  contrCle  eat 
pluEsiTire. 

Hata  raveouns  ii  I'orgaiiiialion  des  compa^niea. 
Celle-ci  wuflre  quelques  oiceptious  et  aj  chemin 
de  fer  Hallaiidais,  pur  eiemple,  c'est  uii  membre 
du  CouGcil  nommi  adminittrafeiir  diUgui  qa'l 
est  Ie  direcleur  de  In  Compaguie.  tandis  qu'aii 
autre  membre  a'occupe  du  aecrtlarial  et  un  autre 
[la  service  lie  l»  triaorerie. 

En  Suisae,  du  lieu  du  direcleur,  it  /  a  una 
dittction,  ou  un  cumiU  de  direction,  compoate 
d'un  prMident  el  do  plusjeurs  meinAiyi  de  la 
direclion  clioiiia  obligatoiremeiit  ou  non  parmi 
lea  raembres  du  Conseil  el  ajaut  cbncun  k  coii' 
duire  uu  d«parlemeat  de  rndQiiiiiatralion  ceii- 
trale. 

En  Buasie,  cerlaini  conseils  d'adminiatralion 
unl  toM%  leur  depeudance  dfrecle  certains  ser- 
vicM,  par  eieiiijile.  Ie  service  commercial,  1« 
ContrAle,  rteDiiom.-it,  Ie  conleiilieui. 

Preaque  partuul,l«  ditPCtlona  ou  lesdirecteun 
[lispDsenl  gtaAralemeat  d'une  adoiiniat  ration  cen- 
trals Irfts  ccmpli-'le  doot  lea  principnlM   subdi- 

AdmiiiiilmtioH  veMnile; 

ErptoUalion; 


Aualria  and  in  Italy,  tbe  Railtra;  iuspeclo- 

iJi  divided   into  5  aectjona  (building,  troin 

tnt,  commercial  service,  ^aranlee*  and 

audit,  general  management). 

Eacb  of  Ibese  is  in  charge  of  an  inspector  gene- 
ral [inipecuur  ginfral),  wlio  has  Under  bim 
chief  inspectors  (inipecteiirj  nt  chtf  ouprinci- 
paux),  inspectors  and  commissariea. 

In  S<irilrerlaiid.  the  control  is  entrusted  lo  « 
apecial  section  of  tha  Railway  Ministry,  nbicb 
iiaa  two  deparlmeuls,  one  ad  ml  ois  Ira  live  and  tbe 
olber  lecbnical.  A I  the  bead  ofeaclideparlmaat 
is  an  inspeclor  {iiispc':u-ur).  assisted  by  contnil- 
lii>g  engineers  (ingtiiirart  du  ciMli-dle),  elc. 

Id  Belgium  there  is  but  little  coolrol  over 
private  lines  and  it  is  eiercjsed  by  Ihe  Stale 
Railways  Administration,  which  is  respoosible 
fur  granting  charlers  for  new  lines  and  for  their 
coostruclioD , 

In  Holland  wliere  all  tbe  railways  belong  to 
Companies  Ibe  Stale  control  is  more  severe. 

But  to  return  to  the  organisnlion  of  the  Com- 
panies, there  are  some  eiceptions  to  tbe  rule* 
given  above.  Outlie  Dutch  Railways,  for  inataoee. 
n  member  of  tbe  Ronrd  is  appoinled  managing 
dinctor  (arf»itii(«™(iri(i-  dtUgui);  1m  lakes 
the  place  ot  general  manager,  wbile  another 
meiuber  of  Ibe  Board  takes  cliarge  of  the  secre- 
tary's depurtmeni.  and  another  of  the  treasury. 

In  Switzerland,  instead  ol  a  manager  {direc- 
tetir)  tbere  is  a  managing  Committee,  which  oi 
silts  cf  a  president  and  several  members  of  tbe 
Board,  who  la  some  Companies  must  be  and  in 
others  need  nol  be  members  of  tbe  Board,  each 
having  charge  of  a  department  uf  tbe  Central 
Administration. 

In  Russia  Ihe  •  Boards  •  ot  sime  CompaniM 
have  directly  under  tbem  I'ertiiin  departments, 
for  instance,  the  IraBic,  the  audit,  slorei,  solici- 
t«n'  department. 

Almost  everywhere  the  directorates  {HrK' 
tiont)  or  the  general  monagtrs  (Di'nvfeuri)  h 
llie  case  may  be,  have  under  Ihem  a  very  eompleta- 
central  organisation.     Its  principal  deportmcala 


Central  Admiui 
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Traction  et  matiriel; 

Surveillance  (de  la  voie)  et  travaux  (ou  con- 
ttrudions  nouvtllea). 

Chacone  de  ces  divisions,  appel^s  en  France 
dis  serrices  centraux,  a  un  chef  qui  a  le  tit  re 
6'ing^ieur  en  chef  {chef  €p exploitation,  de  la 
traction^  tic.),  sauf  i'administration  centrale  qui 
est  dirigde  par  un  secretaire  g^n^ral  et  qui 
comprend,  en  outre,  un  chef  du  contentieux^ 
on  intpecteur  givUral  de  la  comptabilit^f  un 
caissier  en  chef,  etc.  Ges  derniers  fonction- 
oaires  dependent  parfois  directement  du  comitd 
de  direction  ou  exteutif. 


Par/bis  les  services  centraux  sont  beaucoup 
plus  nombreux.  La  Kaiser  Ferdinands  Nordbahn 
(Autriche)  a  en  plus  le  bureau  central,  le  service 
commercial^  le  service  financier,  le  service  du 
matiriel,  le  service  des  mines,  le  service  des 
secours  le  contrdle  des  recettes  et  des  dipenses 
et  le  bureau  de  la  statistique. 


Les  services  exicutifs  k  Textirieur,  appel^s 
en  France  services  rigionaux^  sont  presque 
toujoars  ind^pendants  les  uns  des  autres.  Cepen- 
dant,  celte  r^gle  n'est  pas  tout  a  fait  g^n^rale 
et  aux  cherains  de  fer  Nord-Ouest  autrichiens  et 
Jonction  Sud-Nord  allemande,  le  mouvement, 
Tentretien  et  la  traction  forment  des  inspections 
sous  les  ordres  d'un  seul  chef. 

Au  chemin  de  fer  de  la  M^di terra n<^e  (Italie), 
le  riseau  est  divis^,  en  ce  qui  concerne  princi- 
palement  le  mouvement  et  la  traction,  en  deux 
compartiinents  d^ exploitation  analogues  aux 
grandes  divisions  des  chemins  de  fer  des  I^tals- 
Uois.  I/e  directeur  g^n^ral,  r^idant  a  Milan, 
a  sons  ses  ordres  directs,  outre  V administration 
fcntraU,  une  agence  commerctale,  une  division 
icchnique  de  V exploitation  et  une  diUgation 
aupris  du  gonverncment  {k  Rome),  t^es  grands 
services  centraux  tels  que  celui  de  Ventretien  de 
la  toie  et  m^me  de  la  comptabiliti  sont  consi- 
der^ dans  ces  conditions  comme  des  services 


Locomotive  and  rolling  stock  (tractiofi  et  ma- 
tiriel). 

Way  and  works  or  new  works  {surveillance  de 
la  voie  et  travaux  ou  constructions  nouvelles) . 

Each  of  these  departments,  which  in  Franoe  are 
called  »  central  service  »  has  at  its  head  an  official 
with  the  title  of  «*  engineer  in  chief  «•  {inginieur 
en  chef),  traffic  manager  (chef  de  V  exploitation), 
locomotive  superintendent  (c/i«^  cf«  la  traction), 
etc.,  except  the  central  administration,  which  is 
in  charge  of  a  general  secretary  {secretaire  gini- 
ral),  and  includes  further  a  head  of  the  law  de- 
partment(c/i^^(f}i  contenfi^cx)  and  a  chief  accoun- 
tant {inspecteur  giniral  de  la  comptabiliti),  chief 
cashier  {caissier  en  chef),  etc.  These  latter 
officials  are  sometimes  immediately  under  the 
executive  Committee. 

Sometimes  the  central  departments  are  much 
more  numerous.  The  Kaiser  Ferdinands  Nord- 
bahn (Austria)  has,  in  addition  to  those  mentioned 
above,  a  central  office,  commercial  branch 
{service  commercial),  financial  branch  {service 
financier),  rolling  stock  department  {service  du 
matiriel),  mines  department  {se^^ice  des  mines), 
sick  and  accident  i\xn^  {service  des  secours),  tiu^il 
of  receipts  and  expenditure  {contrdle  des  recettes 
et  des  dipenses),  and  statistical  office  {bureau  de 
la  statistique). 

The  outdoor  executive  services  {services  exi- 
cutifs)  called  in  France  district  services  {services 
rigionaux)  are  almost  always  independent  of  one 
another.  However,  this  rule  is  not  universal, 
and  on  the  North  Western  of  Austria  and  the 
German  South  North  Junction,  the  train  move- 
ment, maintenance  of  way  and  works  and  the 
locomotive  departments,  are  ujiited  to  form  ins- 
pectorates {inspections)  each  under  a  single  head. 

The  system  of  the  Mediterranean  of  Italy  is 
divided,  especially  so  far  as  train  movement  and 
the  locomotive  departments  are  concerned,  into 
two  traffic  divisions  {compartimcnts  d'exploita- 
tion),  similar  to  the  grand  divisions  of  the  United 
States.  The  general  manager,  who  has  his  head- 
quarters at  Milan,  has  under  his  immediate  con- 
trol, besides  the  central  administration,  a  com- 
mercial agency,  a  technical  traffic  working  de- 
partment, and  special  representatives  to  deal 
with  the  government  (at  Rome).  The  main 
central  departments,  such  as  those  of  the  perma- 
nent way,  and  even  the  accountants,  arc  accor- 
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■iterimn,  nuiia  iU  onl  ncaDmoin*  «m-Di£iiie9 
lenn  cbefs  de  service  eieculifs  aussi  bien  dans 
la  premier  coinpArtimerit  que  (Una  le  tecond. 

Qauit  BOi  titrM  des  fonotionnjirea  de  deuiiime 
el  de  Iroisi^me  rang,  il  eit  presque  impossible  do 
le*  eiptiquer  oa  den  donLer  des  tqairalents 
■nirUia. 

An  cbemin  de  fer  Omnd  Centml  Beige, le  lilre 
d'inginiear  chef  de  eertice  eil  nil  grade  qui  ne 
comporte  nollemenl  la  direction  d'un  lervire  et 
qoi  ^uiTaul  a  ce  que.  sur  rl'aalrea  rteeaui,  on 
appella  ing^iear  pHacipal  aa  ingenieur  en  cbef. 
Un  inflpecleur  a,  en  France,  le  latiae  mig  qu'un 
chef  de  bureau  et  i  I'iJlal  beig*  ou  dans  certains 
chemina  de  fernllemnnds.  celui  d'un  chefde  djvi- 


GoBn,  n  I'Est  Iran^is,  les  sous-direclcurs  de  la 
knctioii  s'appeUeaiiiigtnieiirM  0>i  ckrf adjointt 
de  la  traction,  Inndis  qa'a  I'l^bl  beige  jls  s'sppel- 
teat  inginieuri  en  chef  inspicleurs  de  direction 
delalraclion. 


CheminB  de  fer  de  I'tiltat.  —  Les  cbemiua 
de  ler  de  I'l^lat  out  siir  le  conlineut  jne  impor- 
tance loujours  graiidiiMnte.  En  Allemagae,  «ur 
44,00U  kilomutr«E,  £^,000  sout  eiploitea  par 
I'^lat;  en  Aulridie- Uongrie,  «ur  SB.OOO  kilo- 
m61rea,16,000-,eoBeIgique.sur  5,400  kilumelres, 
3,£0D;  en  Danemark,iur!.000kilomelreB,l,700; 
«a  Rusaie,  lur  31.(iO0  kilom«lreB,  £3,SO0;  en 
SuMe.  (ur  8,500  kilometres.  3,100. 


En  France,  comme  nous  I'arena  dijil  dit,  le 
riiieall  d'^lat  est  eiBClemeiit  orgsnili  sur  le 
module  d'uae  compsgnie  privte.  II  possMe  done 
un  conseil  d'adminislrstion  qui  est  rinlerm^- 
dioire  enlre  le  direcleiirel  le  miniatie  dcs  Iraraui 
publics,  et  qui  a,  d  peu  pri-a,  lea  mgmes  pouvoirs 
que  Id  conseil  d'une  grande  compagiiie.  Un  con- 
seil analogue  eiiste  en  Itoumnnie.  taah  le  r^seau 
d'Elut  a'y  est  pas  90umis  nu  coulrdle  supple- 
mealBire  d'une  ndniiiiislj'nlion  disliucte;  en  outre, 
le  cooaril  communique  ovec  le  ministre  par  Tin- 


dingi J  considered  m  dislriclordiiirionalMmocs 
(lerxricri  eriirieurt),  but  for  ill  tbal  the;  hat*      | 
al  tlieir  bead  olSdaU  ranking  as  principal  officen      \ 
in  boll)  diiisions  of  the  syalem  {cenrpanimettli].      | 

Ab  tor  the  titles  of  tbe  officers  of  the  S"'  anil 
V*  dafs,  it  is  almost  imposaible  lo  explain  tbim 
or  to  give  their  Engtj'li  (qniralenl. 

On  the  Uraiid  Cetilrul  Brige  the  tills  engineer      1 
chief  (pf  department  {ingenirur  ehefdc  ttrviet)  \u 
no  vav  implies  that  the  holder  is  at  Uie  bead  ofi      | 
department,  and  ia  equivaieot  lo  what  on  oilier      , 
■yslems  IS  called  chief  engineer  (in;Aumr#n(Ae/ 
oujifincijial].     Generallj  (peaking ,Bn  inapedor 
{impccteur)  raiiks  wiUi  0  cliiff  clerk  {chef  de 
biireau);  while  ou  llie  Belgrnn  SInle  Raittcu<t,  and 
on  certain  German  line.*,  lie  has  a  liigher  degree 
in  order  or  di^tr  and  raakt  as  a  vhtfAa  iiri- 


Pinnll)-  un  tlie  Eattem  or  Prance  tbe  w 
locomotive  superinlcndenti  are  eiitilted  ingt- 
KJeun  en  chef  aitjointi  tie  la  fraclion,  vhile 
on  the  Belgian  Sliit«  Hailwiy  Ihey  are  called 
ing^tiura  fit  rhrf  intpieuuvs  de  direction,  de 
la  traclion. 

suite  Railway8.~Tlie  State  Bailwaji  on 

tlic  ConluKMil  are  coiislnnti}'  increasing  In  impor- 
tance. Iti  Uermunf  out  of  S1,»I0  miles  [44,000 
kilometres)  17,360  miles  (StU.OOO  kilometres)  an 
worked  bv  [lie  Stale;  in  A uslro- Hangar;  out  of 
17,360  m'ile!>  (!!<,000  kilometres)  0.9S0  railo 
(IH,OOOkiloiiietres)i  in  Belgium  mitor3,340 miles 
(5,400  kilonielreG)  1.994  miles  (3,!00  kilometres); 
iu  Denmark  out  of  I.S-lO  mites  (i, 000  kitameti«s|. 
1.055  miles  (1,700  kilometres} ;  in  Ritaaia  ool  of 
19,593  miles  (31.600  kilometres)  I4,3S4  miles 
(i3,!00  kilometres) :  iu  Sweden  out  or5,e7l  miks 
(9,500  kilometres^  i,^ti  mile«  (3,100  kilometres!. 
In  Fiance,  as  lias  nirend;  been  (aid,  the  Slate 
sjslem  i*  organised  ejincll;  on  the  aame  model  as 
a  private  company,  Aeoirdiugl;  il  lias  a  Board 
Coiueil  ifadmiiiUlratiaa)  interposed  belwteii 
the  general  nuinnger  and  the  Minister  of  Workr, 
and  nhich  has,  broadly  rpeaking,  llie  same 
powers  ns  llie  Board  ol  one  of  llie  great  coinpa- 
uies.  A  similar  Board  eiltts  in  Roumania,  hut 
the  Stale  Itailway  syatem  is  not  Uiere,  as  tn 
France,  snbjeeled  to  ;he  additional  aupervi«iin 
by  a  sepflrale  nrganiaation.     Fuilher,  lite  Board 
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term^uire  du  directeur  g^^l  et  oelui-ci  peat 
eoappelerau  chef  du  departemeat  mioisteriel  s'il 
J  a  dirergeuce  de  vues . 

A  riStat  beige,  il  n'y  a  pas  de  directeur  g^n^ 
ral;  en  r^litd,  il  y  eo  a  cinq  qui  out  le  litre 
d'admioistrateurs  et  qui  dirigent  chacun  sp^iale- 
ineot  UQ  des  services  de  radministration  centrale. 
Lesdirecteurs  de  ces  derniers  services  out  le  titre 
^tdirecUiir  cT administration  ou  d'ing^nieur  en 
chef  directeur  d'administration,  s'ils  soot  ing^- 
niears. 

Eq  Hongrie,  il  y  a  cinq  directions  et  le  chef  de 
la  premiere  (questions  g^n^rales  et  exploitation) 
a  le  litre  de  directeur-pr^sident ;  mais,  en  dehors 
de  radmiiiistnition  des  cheminsde  fer  de  T^tat, 
il  jaencore  aupres  du  minist^re  da  comnaerce, 
UDe  section  des  chemios  de  ier  dont  Tune  des 
subdivisions  est  I'inspection  gdn^tale  et  la  section 
des  affaires  comraerciales  s'oc^upe  aussi  des  tarifs 
de  transport . 

D'autres  cbcuiiiis  de  fer  de  Tibial  en  Danemark, 
eoSoede.  en  Norv^ge,  en  Serbie,en  Finlande,etc., 
oot  un  directeur  g^n^ral  avec  des  pouvoirs  6ten- 
dD8;mais  nous  avons  encore  i  signaler  d'une 
maoi^re  pnrticuli^re  les  chemins  de  fer  de  I'^tat 
autrichien  qui  ont  adopts  en  partie  le  principe  de 
I'ancienne  organisation  allemande  (rdcemment 
refondue  d'une  manidre  complete),  avec  cette  dif- 
fhtnce  que  les  grandes  divisions  du  r^eau  en 
dirtctions  d'  ccrploitation  sont  r^unies  sous  les 
ordres  d'uw  jtritifieni^  chefde  la  direction  g^n^- 
)'a/f,  a) ant  aupr^s  de  lui  une  administration  cen- 
trale assez  forteinent  constitute  et  corapos^e  de 
•ept  divisions  dirig^es  par  des  directeurs,  Les 
n^oMS  divisions  se  reproduisent  a  peu  prte  dans 
cbaque  direction  d'exploitation.  Pour  le  service 
ex^utifeiterieur,  il  y  a  des  sections  d'intretien 
(de  la  voie),  des  ateliers^  des  depots  de  machines 
i\A^ offices  d'exploitation.  Geux  ci  n'ont  pas  et 
Q*OQt  jamais  cu  une  importance  analogue  a  celle 
des  institutions  du  m^me  nom  des  chemins  de  fer 
prussiens  qui  dtaient  devenucs  de  petites  direc- 
tions. Au  coiitraire,  ils  sont  situ^s  dans  ies 
modes  stations  et  ce  sont  les  chefs  deces  stations 
'{ui  les  dirigent. 

L'organisation  des  chemins  de   fer  de   I'^tat 
nisse  a  quelque  analogie  avec  celle  de  I'Autriche. 


communicates  with  the  Minister  (hroagfa  the 
geotral  manager,  and  this  latter  official  may 
appeal  to  the  Ministry  if  he  differs  from  his 
Board. 

On  the  Belgian  State  there  \»  no  general  mana- 
ger. In  fact,  there  are  five  general  managers 
who  have  the  title  o(d.i£tc%OTs(Administrateurs)^ 
and  each  of  whom  has  special  charge  of  one  of  the 
departments  of  the  Central  Administration.  The 
managers  of  these  separate  departments  have  the 
title  of  Lirecteur  d' administration^  or  where 
they  are  engineers,  the  title  of  IngHiieur  en  chef 
directeur  d administration. 

In  Hungary  there  are  five  directorates,  and  the 
chief  of  the  first  of  them  (general  and  traffic 
questions)  has  the  title  of  directeur^pr^sident 
but  in  additon  to  the  management  of  the  State 
Railways  there  is  also  at  the  Ministry  of  Com- 
merce a  railway  section  (one  of  whose  special 
divisions  is  a  general  inspectorate),  and  besides 
the  commercial  section  of  this  Ministry  deals 
with  the  question  of  rates. 

Other  State  Railways,  in  Denmark,  Sweden, 
Norway,  Servia,  Finland,  etc.,  have  a  general 
manager  {directeur  ginirat)  with  large  powers ; 
but  it  is  necessary  to  call  special  attention  to  the 
Austrian  Stale  Railways,  which  have  partly 
adopted  the  principle  of  the  original  German 
organisation  (which  has  recently  been  completely 
revolutionised)  with  this  difference  :  that  the 
great  divisions  of  the  system  or  traffic  directo- 
rates (directions  d* exploitation)  are  united 
under  the  orders  of  a  president,  chiefof  the  gene- 
ral directorate,  having  at  his  disposal  a  very 
strongly  constituted  central  staff  composed  of 
seven  divisions,  each  in  charge  of  a  manager 
{directeur).  The  same  divisions  are,  roughly 
speaking,  reproduced  in  each  traffic  directorate. 
For  the  district  oat-door  management  there  are 
maintenance  sections  (sections  d^entrttien)  work- 
shop sections,  engine  sheds,  and  traffic  offices. 
These  latter  do  not  possess,  and  never  have  pos- 
sessed, the  same  importance  as  the  institutions 
which,  till  their  abolition  the  other  day,  bore  the 
same  name  on  the  Prussian  Railways,  and  which 
had  become  petty  directorates.  On  the  contrary, 
in  Austria  they  are  situated  at  the  main  stations, 
and  the  Station  superintendents  are  their  head^. 

The  organisation  of  the  Russian  State  Rail  • 
ways  is  not  unlike  that  of  Austria.     The  local 
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Leg  direcliuns  locales  ont  plus  d'auIoaoniiE,  bien 
qtt'il  J  attaupriade  chacune  d'elles  un  d^l^igui 
du  conlrCltdc  I'enipira  cbarg6  de  I'eiaiaEn  des 
budgets,  its  rtcettes  el  des  d^peiises,  de  la  sur- 
Millann  de  la  gosliai 

L'ad  ID  in  is  trail  on  ceiitmli:  est  fonn^  A'lin  con- 
tiration  compost  d'un  prteidenl.  de 
■apt  dil^^a  du  miaUl^re  des  v 
□icalion,  d'un  6M6ga6  de  cbacun  dea  ministeres 
del  flumces,  d«  I'iaUrJeuL-  et  des  domaines  de 
I'^Ut,  d'un  represeulunl  du  cronlr^le  dc  rcmpire 
tt  de  rinspecteur  gdii^rnl  dcK  chemins  dc  Tel'  [plac^ 
a  leH  ot'dres  directs  du  it 

La  surreillance  des  compagnies  priv^a  e 
ooottt,  wus  les  ordres  du  uiinistre  des  v 
coDununication,  ftu  drpar 
eheminidt  (<.>:  Leclief  decediporlemenl  i-om- 
pose  ovec  I'arfj'anit  (du  subslitulj  ifii  minUire,  le 
prisident  de  In  direction  des  chetnins  de  ler  de 
r^tal.  le  chef  du  diparlement  des  aSbires  de 
chemiiis  de  fer,  du  i 
quelques  fonclionnaires  des  diffdreuls  mini&tArea, 
le  conteil  its  offaira  de  clurmviM  de  fn;  qui 
doit  se  pronoucei'  sur  loulea  les  grandes  queslious 
tomomiques.  Les  graniles  qucations  lechniquea 
)n  ctde  travaui  sunt,  en  outre.  »ou- 
irrV  det  ingfiximri,  qui  ostun  corps 
parmanenl  et  est  compoi^  de  membres  n'ajunt  pus 
d'autm  fonclions. 

EnBn,  le  miiiislire  des  (Iiia 
attribulions  les  queblions  dc  lorirs  el  les  grsiidea 
quesliaiis  comnierciales,  a  un 
affairet  de  chemi»t  dc  fer 
flnuices)  pour  les  ^tudier,  ainsi  qu'iin  conieil  da 
effalret  dc  tarift.  II  y  o  en  plus  un  comity  den 
tarifs  oil  les  compagiiics  prlries  Konl  representees 
et  qui  est  priald^  pai'  U  dirtiiteui-  du  deparic- 
mt-iil  deiaffairet  tie  (ftrmi.urfe  (cr  rfii  ininii- 
ttJ-edfi  fina'ico. 


] 


manager  of  eacb  Ime  or  system  [dirveieur  local) 
independent,  but  there  is  allaehed  lo 
each  of'them  an  official  representing  Ibe  Imperial 
control  fcontrote  de  f  Empire),  whose  business  it 
tceipis  and  eipen- 
dituve,  and  geoemll;  lo  supervise  the  flonnce. 

Tlie  central  administration  is  Ibrmed  of  a 
Board  composed  of  a  president,  seven  represen- 
iHtivcs  of  the  Minislrjr  or  Co■nmu□icalion^  one 
representative  ot  the  Ministry  of  Finance,  one  of 
Uie  Ministry  of  the  Interior  and  State  DouiaJos. 
one  rep re^en till ive  of  the  Imperial  Control,  and 
oftlia  Inspector  Oeneral  orRullways  which  tatter 
oflicial  reports  direct  lo  tlie  Minister. 

Tlie  supervision  of  the  private  Companies  is 
entrusted,  under  the  orders  of  Ibe  HiBiater  ol 
Communications,  to  the  Railway  Department; 
the  head  of  Ibis  Department  (directevr),  together 
iriih  the  deputy  Minister,  the  president  of  the 
Slate  Railway  dirsclorate,  the  head  of  the  Rail- 
way Matters  Department  from  the  Ministry  of 
Finanrd  and  some  otlier  olticials  of  various 
compose  the  Railway  Mallem  Council 
wliirh  deals  with  oil  important  economic  roll vrny 
questions.  The  great  questions  of  works  and 
buildings  are  further  under  the  control  ol*  an 
ig  Council,  which  is  a  permanent  body 
composed  of  members  who  devote  Iheir  entire 


Finally,  Ihe  Finance  ministry,  which  deals 
Itii  quesliuns  of  railway  rates  and  important 
has  also  a  Railway  Matters 
Department,  for  investigation  purposes,  as  also 
a  Council  lo  approve  rates,  There  is  also  a  larilT 
Cominiltee,  on  which  the  private  Companias  ore 
represented  and  which  is  presided  over  by  the 
head  of  the  Railway  Mailers  Dcpurtuient  from 
the  Ministry ofFmanc.'. 
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S.  B.  —  L*a8lMsqae  (•)  indique  qu*an  d^l^guA  est 
(Ul4  memtre  da  Congrte  ea  U06  aatre  quality,  laquelle 
cstinprimtoeatre  parenUi^aes.  Tout  nom  r^pdtd  n'entre 
itoeaUgnedacoinptepoor  lecalcol  des  d^ldgalions. 

4  =  In«crit  BUT  la  litte  de  presence . 


N,  B,  —  An  asterisk  (•)  means  that  a  delegate  is 
already  a  member  of  the  Consress  in  some  other  capa- 
city,  this  latter  being  inserted  in  brackets.  Members 
so  marked  are  not  included  in  the  number  allowed  to 
their  Company. 

^  =  Registered  as  present. 


I.  —  Membres  de  droit.  (Ex  officio  delegates.) 


A.  —  COMMISSION  INTERNATIONALE  PERMANENTE. 
(INTERNATIONAL  PERMANENT  COMMISSION.) 

President  (President)  : 
4A.  Onboifl,  admioistrateur  des  chemins  de  fer  de  I'^tat  beige. 

Vice-prisidenU  ( Vice-presidents)  : 

4Alpi£d  Pieard,  iaspecteur  gdn^ral  des  pont^  et  chauss^es,  pr^ident  de  la  section  des  travaux 
pablics,  de  I'agriculture,  du  commerce  et  de  I'industrie  au  conseil  d'etat  de  France ; 

4JDLKS  Urban,  directear  g^n^ral  du  chemin  de  fer  Grand  Central  Beige,  president  de  la  Soci^U 
g^nirale  beige  de  chemins  de  fer  teonomiques . 

Anciens  presidents  de   session,   membres  pei^manents  {Past    Presidents   of  sessions, 
permanent  members): 

'  FiANQois  Brioschi,  s^nateur  du  royaume  d'ltalie  (session  de  1887); 
♦Alpud  Pieard,  prteitd  (session  de  1889) ; 
Nicolas  db  PetTOff,  lieutenant  g^n^ral  du  g^nie,  adjoint  du  ministre  des  voies  de  commuuication  de 
Rusne  (session  de  1892). 

Membres  (Members) : 

^Frbdrik  Almgren,  administrateur  des  chemins  de  fer  de  T^tat  su^ois; 

^Barabant,  directeur  des  chemins  de  fer  de  TEst  fran^ais ; 
Borgnini,  ing^nieur,  directeur  g^n^ral  des  chemins  de  fer  de  I'Adriatique ; 

#0.  DB  Bnrlet,  directeur  g^n^ral  de  la  Soci6t6  nationale  beige  des  chemins  de  fer  yicinnuz ; 

#Amb.  GaiDpiglio,  ing^ieur,  prteident  de  I'Union  des  chemins  de  fer  italiens  d'int^r^t  local,  admi- 
nistrateur du  chemin  de  fer  du  Nord  de  Milan ; 
ColMm,  ing^nieur  en  chef  des  ponts  et  chauss^s,  maltre  des  requdtes  au  conseil  d'etat,  directeur 

des  chemins  de  fer  au  minist^re  des  travaux  publics  de  France; 
Be  Bmyn,  ministre  de  Tagriculture  et  des  travaux  publics  de  Belgique,  membre  de  la  Cliambre  des 
repr^sentants ; 

^BieUer,  vice-pr^ident  de  la  direction  du  chemin  de  fer  du  Oothard ; 

^Baca,  directeur  g^n^ral  des  chemins  de  fer  de  T^tat  roumain,  professeur  a  T^olo  des  ponts  et 
chauss^es  de  Bucharest ; 

#ToNT  Batrenx,  ing^nieur  civil,  administrateur  du  chemin  de  fer  Guillaume- Luxembourg ; 

^Sir  AxDRBw  Fairbairn,  ancien  membre  du  Parlement  anglais,  administrateur  du  Great  Northern 
Railway  (Aogleterre) ; 

#Griolet,  vioe-prteident  du  conseil  d'administration  des  chemins  de  fer  du  Nord  fran^ais 

#HeilItaail,  directeur  du  chemin  de  fer  d'Orl^ans ; 


LISTE  a^^RAU  DBS  IM^I^Ot;^. 


♦  RirHABu  Jeitteleg.  con 

Empcreur  Ferdinani 

♦  Louis  Lampngnuii,  chef  du  tnfic  et  da   too 

fer  italient  de  la  Mfedilerran^; 

♦  M*x   Edleh   von   Le!ber,  inspeclcui*  en   chef 

I'Aul 


direcleur  g^iiiral  du   cliem[ii   dc   Per  du   Noril   sulrtdiieu 

iremenl  do   premier  eompiirtinient  dm  cbemJD*   il« 

lu  corps  I.  B.  du  Contrfile  des  cliemins  de  r«r  de 

Magnsts,  direckur-pr^ident  dca 


♦  Jlles  Ludvigh,  coaseiller  miiiisMriel.  meffibre  de  la  Cliauilire 

cliemiriE  iJe  fer  de  I'l^tnt  Iiongrois; 
ilATitus  Haasa,  ingtuicur,  diivctcur  g^D^ral  drs  cbamios  d«  fer  iUIiem  de  la  AUdilpriniiAe 
•HoUemaire,  direcleur  dea  cliemins  de  fer  do  Paris  i  Lyon  el  a  In  M  6d  it  errand ; 

♦  Louis  DE  Perl,  coiiwlller  il'iCtal  Mlne\,  dii-ecleur  gftroul  de  I'Uoioii  msw  pour  lea  relnlions  inler- 

iiulionaUsdes  cbemiiis  de  fer : 

♦  Philippe,  inspecleurgdn^rul  des  lignes  Nord-belges; 

♦  LebaronPriise,  direcleur g*rantlionor»ipedu  cbeminde  (erd'Anveisa  Oaiid; 

♦  Hamaeckers.  secretaire  g^trol  du  ministere  descbemiDS  de  fer,  poeles  el  U<lL'g^rBpUe&  de  ijel^iquc; 

♦  Schaar,  adminislraleur  deschemins  de  fer  de  t'h2ut  beige; 

♦  B.  Soumarokoff,  conseiiliyrd'liUit  acluul,  ingeuieur,  dN-eeUur  du  d^parlemeiit  des  clic-miiis  de  fer 

do  Bafsie; 
»Tlie  Biglit  Hon.  Lord  Stalbridge.  pr^aidnit  du  conacil   d'adminislratioii   du   LoiiJun 
Western  Rnitwuj  (Anglelerrc.i ; 

♦  ii&  LA  Toonierie.  iuspecteur  giuiial  Jes  pouls  cl  ciiauis^t; 

♦  van  Kerkwijk,  membre  ir  la  stconde  Cliimbre  das  iflats-CiDeroui  des  Paji-liBs: 

♦  Werchorak;.  inginicur,  Ciinseiller  priv^  membi'e  du  ConMil  pour  !ea  Bff.iiro*  des  clien 

Tempire  de  Bussie. 

Secrilaire  giiiii-al  {Gi^ntiitl  Secrelart/) : 

♦  AuousTH  De  Laveleye,  ingwieur. 


inJ   Norlli 


IS  do  icx  t 


♦  Lous  Weissenbmch,  ing^nienr  n 

TrilorUr  ( n-rofuivi)  : 
♦l^nooAnD  Holemans,  cbef  de  diris: 


a  de  fer  de  I'lilflt  beige, 
lemfns  do  fer  An  i'lilut  beij^e. 


Comity  de  direction  de  la  Commission  internationale . 
(Executive  Committee  of  ttie  Intern ationftl  Commission  ) 

IWiidrnt  :  ♦A.  Dubois.  Mfiifes  :  BrioBchi,  De  Brayn.  ♦Sir  A^uRp.^v  FairliAirn,  ♦Grio- 
.et.   ♦Alniusti;  De  Laveleye.  ♦Ramaeckers.  Srcrfiatrc  ^  ♦Loui.t  Weissenbnich.  iWiarier  .■ 


Services  sptelaax  du  Comity.  (Execotive  Committee  StalTi 

uiiDACTiox  DU  aru.ST/y    EUiToniAi.  svh.comuittke., 
I'rfsidml :  ♦A.  DalXliB-  Uemheet  .   ♦Ramaoclim,  membre  da  comit*  i)e  direction  ;  ♦L.  Weil- 
senbruch.  secrilaire  du  comila  de  dii^Clioii.  Sccrt'Ialre  de  la  ridiKlion  :  ♦A.  Hubetti,  inginieur. 
|>rofes^eur  i  I'UninrsiU  de  Brunttes. 

fiEKVICIi  STENOUtiAPiriiJUE.  ISKOHTlIAXIf  STAFF.) 
LaCOmbl^,  clief  dit  servii^  KUiiogiapIiiquo  a  la  Cliumbre  el  bu  S^nnt  de  Bejglqae,  chffdu  tcrtice; 

♦Debonl.  ♦Demarteau,  ♦Hombrecht,  ♦Tamhonr  ei  ♦Valley,  I'tnogrogbti . 
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B  —  SECTION  ANGLAISE  DE  LA  COMMISSION  INTERNATIONALE. 

(commission   tOCALE   I>*ORGANISATION   POUR   L\  CINQUltJilE   SESSION.) 

ENGLISH  SECTION  OF  THE  INTERNATIONAL  COMMISSION. 

(lOCVI.   ORGANISING   GOMMITTEE   FOR  THE   FIFTH    SESSION.) 

Pr^ident  (President)  : 

♦Sir  Andrew  Fairbaim*,   director  Great  Northera  Railway  (membre  du  Comity  de  direction  dn 
Congrte). 

Vice-president  ( l^ice- President)  : 
♦The  Viscount  Emlyil,  deputy  chairman  Great  Western  Railway. 

Monhres  {Meinhers)  : 

♦0.  J.  Armytage,  cUainnan,  Lancasliire  and  Yorkshire  Railway ; 

♦GusTAv  Behrens.  director.  Midland  Railway; 

♦Sir  Coartenay  Boyle,  K .  C.  B . ,  secretary  of  the  Board  of  Trade ; 

♦The  Marquess  of  Breadalbane,  K.  G.,  director,  Caledonian  Railway ; 

♦John  Qegfaom,  director.  North  Eastern  Railway ; 

♦J.  G.  Colvill,  chairman.  Great  Southern  and  Western  Railway  of  Ireland ; 

♦Sir  Myles  Fenton,  general  manager.  South  Eastern  Railway; 

♦J.  S.  Forbes, chairman,  London  Chatham  and  Dover  Railway; 

♦Lord  Claud  J.  Hamilton,  chairman,  Great  Eastern  Railway; 

♦PRKOEnicK  Harrison,  general  manager,  London  and  North  Western  Railway ; 

♦Henry  Lambert,  general  manager,  Great  Western  Railway; 

♦G.  W.  Maclnre,  M.  P.,  director,  Manchester  Sheffield  and  Lincobishire  Railway ; 

♦Sir  Hbnbt  Oakley,  general  manager,  Great  Northern  Railway ; 

♦The  Right  Hon.  Sir  Arthur  Otway,  Bart.,  director,  London  Brighton  and  South  Coast  Railway ; 

♦  Wyndham  Portal,    chairman,    London   and    South  Western  Railway ; 

♦Sir  Gkorob  Rnssell,  Bart.,  M.  P.,  director.  South  Eastern  Railway; 

♦Sir  CsARLES  Scotter,  general  manager,   London  and  South  Western  Railway; 

♦James  Thompson,  general  manager,  Caledonian  Railway; 

♦W.  Tipping,  director,  London  and  North  Western  Railway ; 

♦G.  H.  Tomer,  general  manager,  Midland  Railway; 

♦The  Marquess  of  Tweeddale,  chairman,  North  British  Railway. 

Secritaire  {Sea'etary)  : 

♦W.  M.  Acworth. 

Secretaire  adjoint  (Assistant  Secretory)  : 

♦H.  H.  Orr. 

Comity  de  direction  de  la  section  an^laise. 
(Bzecutiv?   Committee  of  the  English   Section.) 

President :  # Sir  Andrew  Fairbaini.  Membres  :  #The  Viscount  Emlyn,  #The  Right  Hon.  Sir 

Arthur  Otway.  Bnrt.,  #G.  J.  Armytage,  ♦G.  Behrens,  #  W.  Tipping.  Secretaire  :  #W.  M.  Ac- 
worth.  Secretaire  adjoint  :  #H.  H.  Orr. 


LISTE  QfiNKRAI.b:  DES  DtlLI^Gl'lES. 


,  —  RAPPORTEimS  «0MH£S  PAR  LA  COMMISSION  INTERKATIONA 
(REPORTERS  APPOINTED  BY  THE  INTERNATIONAL  COMMISSION 


cliauica I  engineer,  Lancashire  and  Yorkshire  Railvrny; 

ce,  directeur  dea  voirs  et  Iravaui  du  cbemiii  dc  ler  du  Nord  autrichi«ii 


t  service  ceatrol  du  materiel  des  cliemina  de  Ter  de  Parir  i 


and  Central  Bcl^; 

II  Bmpereur  Ferdinand; 
-  de  I'^lul  fraiijais,  profes! 

s  de  fer  v 


•  J.  A,  F.  ABpinall.  chid  m 
«W.  Ast,  conseilJer  de  r^gc 

Einpereur  Ferdinand; 
^Auvert,  iuginieur  nllacli* 
a  la  M^iterrante; 

•  BeUerocha,  ing^nieur  cherdeRervice  au  diemiii  de  fcr  Ora. 
*A.  VON  Bos  Chan,  ing^iiieur  an  cbemin  de  Ter  du  Nord  autri 

•  Bricka,   ingfinieur  en   clier  de  I'eiplmUilioo  des  cliemins  d 

coura  de  ehemins  de  fer  i  I'&ole  des  ponts  cl  cliausa^s ; 

•  DE  Buiiet*,  direcleur  gin^ral  de  la  3oci§t£  naliooale  beige  des  clicnun 

de  la  Coininisaion  internalionole  du  Congrte) ; 
B.  De  Backer,  directeur  ginirnl  de  la  Society  gin^rale  de  chcmins  de  fer  ^onomiques  de  Bclgique. 
QBCIRIIG3  De  Laveleye,  meiubro  du  conseil  d 'administration  du  cbemin  de  fer  du  Congo; 
4Daca*.  dirccleur  g^niral  des  ehemlas  de  fcr  da  I'Elal  rouiriDin,  professeur  ■   I'Ecote  des  ponti  el 

rlinusvtes  de  Bucharest  (membrede  la  Commission  interna tion ale  du  Congr^] ; 
4F.  Harrisan*,  general  manager.  London  and  North  Weslern  (lailway  (membra  dela  teclion  anglalse); 

•  V.  Bercenstein,  ingfnieur  des  voies  de  cammunicatinn  de  Kussie.  vice-pr^ideul  de  la  Commission 

jjour  I'Miide  de  la  conservation  des  bois  ; 
•Hodeige.  ing^nieur  principal  aui  cbemins  deferde  I'l^tal  beige; 

•Hubert,  ing^nieur  en  chef,  directeur  d'adminislra tion  aui  cliemins  de  ler  de  I'tStal  betge; 
4W.  Hnnt,  cJiief  engineer.  Lancashire  and  Yorkshire  Railirn;  ; 

•  KowalBki.  ing^nieur  en  cbefdu  service  central  de  retploltalion  du  (;hemin  de  Ter  de  Bdiie-OadV 

prolongemcnts ; 

•  [It.  Lambert*,  general  manager,  Great  Western  R»i1iva;  (membre  de  la  secllon  nnglaise} ; 

•  M*i    Eni.KB  VON  Leber',   inspecleur  en  chef  au  corps  I.  R.  du  Contrflls  des  cbeinins  de  fer  Je 

t'Autricbe  (membre  de  la  Commission  interna  tion  ale  du  Congr^s) ; 
P.  W.  Helk.  M.  Inst.  C.  E. ; 

•  LtlciEH  Hotte,  ing^ieur  principal  am  chemins  de  fer  de  I'Ekil  beige; 

•  A.  C.   HumphreyB-Owen,   U.  P.,  chairman  of  the  Montgomeryshire  County  Council,   director 

Cjimbriau  Railvojs; 
4A.  C.  Park,  carriage  superintendent,  London  and  North  Western  Rnilwaj' ; 

•  bk  Perl*,  conseillerd'^tat  actuel,  directeur  g^toulderUnion  ruase  pourlcs  relations  inlcrnalionnles 

des  cliemins  de  fer  (membre  de  la  Comminion  inlernationale  du  Congr^s) ; 

•  Plocq,  iiiginieur.diefdel'eiploitatiou  de  In  Soci^li  g^n^rale  des  chemi'isde  fericonoiuiquesfranfait; 
♦J.  Hicbter.  adjoint  dn  directeur  de  la  ligne  de  Saiiil-Pclcrsbourg  k  Vnrsovie  des  cliemins  de  ftr  de 


I'iital  ri 
iKrii  Rocca,  ing«Di. 
Uiditerrante; 


inspecleur  de  la  diieclioii  gdifrale  des  chemins  de  fer  ittliens  de  la 
irincipal  du  service  cfulial  de  la  voie  aa 


•  Sabonrsl.  ing^nleur  dea  panls  et  chauss^s,  ing6nii 

chomin  de  fer  de  Paris  6  Orl^ns; 

•  Etio.  Sartianz,  chef  dea  services  ^leclriques  des  chemins  da  fer  du  Nord  frsiifjis ; 

•  Sauvage.  ing^nieur  en  chef  des  mines,  ing^nieur  en  chef  adjoint  du  materiel  et  de  la  Iraclion  dt» 

chemins  de  fer  dc  I'Ouesl  fran^is ; 

•  Litox  Scolari,  docleur  en  droit,  chef  de  division  u  la  direclioii  gi^n^rale  des  dienini  defer  it.ilianiijb 

In  MMikrran6e; 

•  Teni,  direcleur  du  chemin  de  fer  de  Suiza ra-Ferrara; 
4A.  M.  Tborapion   signal  superintendent,  London  imJ  Noitli  Westrrn  Railway 


i 
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40.  H.  Tamer*,  general  manager.  Midland  Railway  (membre  de  la  section  anglaise); 
4R.  H.  Twelvetrees,  chief  goods  manager,  Great  Northern  railway  ; 
4  J.  L.  WiUdnson,  chief  goods  manager,  Great  Western  Railway ; 

4  A.  Zanotta,  ing^nieur,  chef  de  section  au  service  de  Tentretien,  surveillance  et  travaux  des  chemins 
de  fer  italiens  de  la  MMiterran^. 

D.  —  SECRETAIRES-RAPPORTEURS  NOMMfiS  PAR  LA  COMMISSION  INTERNATIONALE 
(SECRETARY-REPORTERS  APPOINTED  BY  THE  INTERNATIONAL  COMMISSION.) 

4Capt.  Ghnrchward,  agent  of  the  London  Chatham  and  Dover  Railway  in  Paris; 

4Deinoillill.  inspecteur  du  materiel  et  de  la  traction  des  chemins  de  fer  de  TOuest  fran^ais; 

4B.  R.  Dolby,  Assoc.  M.  Inst.  0.  E.,  M.  L  Mech.  E.  Wh.  Sc. 

4FaTre,  chef  de  la  gare  maritime  de  Calais  du  chemin  de  ferdu  Nord  fran^ais; 

40B  FrdmillTille,  inspecteur  du  materiel  roulant  au  chemin  de  fer  de  Paris  a  Orleans; 

4 Victor  G6rard,  continental  traffic  manager,  London,  Brighton  and  South  Coast  Railway ; 

46llilloilx,  sous-inspecteur  des  services  administratifs  du  chemin  de  ier  du  Nord  fran^is; 

4Capi.  Gye,  R.  N.f  agent  of  the  South  Eastern  Railway  in  Paris; 

4Le  D'  Harry  L.  Hirschl,  secretaire  du  president  de  la  Soci^t^  autrichienne-hongroise  des  chemins  de 

ferdel'^tat; 
4Nie88eil,  agent  of  the  London,  Chatham  and  Dover  Railway  at  Cologne; 
4Lesub  Robinson,  Associate  Member  of  Institute  of  Civil  Engineers; 
4Sire,  agent  de  la  Compagnie  du  chemin  de  fer  du  Nord  fran^is  k  Londres; 
4H  H.  Spiller,  general  continental  agent,  Midland  Railway; 
4E.  Uytborck,  agent  of  the  South  Eastern  Railway  in  Brussels; 
4TiSUI0t,  agent  de  la  Compagnie  des  chemins  de  fer  de  TOuest  fran^ais  en  Angleterre ; 
4Wildha9en,   iospecleur  principal  de  la   Compagnie  internationsle  des  wagons-Iits  et  des  grands 

express  europ^ens. 


n.  —  Membres  d^Uguis  par  les  Gonvemements  adherents  et  les  Administrations 

de  chemins  de  fer  participantes. 

(Members  appointed  bj  Governments  supporting,  and  by  Railway  Administrations 

subscribing  to  the  Congress.) 


^.  — DfiLfiGUfiS  DES  GOUVERNEAIENTS  ADUfiRENTS. 
(MEMBERS  APPOINTED  BY  GOVERNMENTS  SUPPORTING  THE  CONGRESS.) 

Argentine  (Bepnblique)  (Argentine  Bepublic). 

Minhttre  de  VinUrUur, 

Autriche-Hongrle  (Austria  Hungary). 

ilinisUre  du  commerce  d^AtUriche  : 
#S.  Esc.  le  D'  chevalier  L^n  vom  Bilinski,  conseiller  intime  I.  et   R.,  cbef  de  section  au  minist^re 
I.  R.  du  coinmeroe,  prudent  de  la  direction  g^n^rale  I.  R.  des  chemins  de  fer  de  T^tat  autrichien. 


^Um  Edlbr  vd^  Leber*,  inspaelcar  en  clwf  au  corp;  1.  R.  du  coatrAle  des  cbemina  de  fer  de 
I'Autricbe  (membre  de  h  Comniwioa  iuteraslionale  dn  Congre*  et  rapporteur). 
MiniiUre  rfu  cfiiimcive  de  Hmigrie  : 
^Jm-Bl  LudTigh',  conseitlei-  miuidt^rlel,  membre  dc  la  Cliaiubre  dca  MugnaU,  dii'cdeurpr^^deiil 

des  cbeiniiis  it  fer  de  V&lal  hongiois  (memlire  de  la  Coin  miss  Ion  in  kniatioDBle  du  Congrv^i; 
«iC0HHBt.  Toloay.  inspecteur  priucipal  a  riuspaction  g^n^rale  des  chemias  de  Ter  et  de  la  naviffalion 
■n  miniBlire  du  commerce. 

Bel^iqne  (Belgininl. 

MinitUit  det  ehm-tiiia  ilc  fcr,  posies  et   liUgraplicx  fl  chtmha  df  (er-  de  fiJ'al. 
Conunittinn  iiiltmalconaU  ilii  Congris  : 
4A.  Dubois*,  sdministraleur  des  chemins  de  fev  de  I'^Ut  beige,  pr^idenl  de  Li  Comotisaian  Jnter- 

aalioiinle  du  Con^rts; 
^Ramaeckers*,  secrilnire  g^Snil  du  miiiJEUre  dea  clicmins  de  fer,  posies  t\  Wejrophe!,  memhre 
du  comiti  de  direction  du  Congris; 


'^lal  beige,  membre  de  la  Commission  intemn- 

diemins  ds  far  de  I'^lat  belf^i',  neerdtaire 

,itjon  des  chetnliis  de  ferde  r^I.it  bclgi;,  tr^Borier 


•Scfaaar*.  adminislraleur 
tionale  du  Congris; 

^l/'Dis  Weissenbrnch',  ingfiiieur  k  lAdmi 

du  coiniie  de  direction  du  Cougr^s ; 
•^PODiiBDHoIemans*,  dierdediiisioDal'Adi 

da  comiU  de  direction  du  Congr^. 
Raj^rUurt  .- 
•Hubert*,  iugdnieuren  cbef.  dlrecteur  d'adounistration  aut  cbcmins  de  Tcr  de  !'l!l 
•Bodeige*.  Jngdaieur  priticip.-il  sux  chemini  Jo  Ter  de  I'iSlal  balge; 
4LuciK«  llotte*,  ing^aieur  priacipal  aoi  cbemins  da  fcr  de  I'^tal  beige, 

Avtrca  dilegufj  : 
•DeUuen,  inapecleur  g^niral  aui  cbemina  de  Ter  de  i'iilat  beige ; 
•Niell,  iospecteur  de  direction  aui  cbemins  de  fer  ds  I'l^lBt  beige; 
•De  Btusdiere,  ing^nieur  on  clief  au(  cbemins  de  fer  de  I'I^IbI  beige ; 
•  Gerard,  inginietlr  principal  qui  cbemina  de  fer  da  I'^tat  beige; 
•Bmneel.  ing^nieur  principal  BUI  chemina  de  fer  de  I'^lat  belgs. 


Bolivie    BoUviai. 


iiinhUre  det  Iraraiix  publict : 

F.  SuareE.  consul  g^nirnl  a  Ixmilrcs. 

Bresil  (Brazil). 

UiniiUfe  dca  (rar.m.r  pii'ilics.  du  co'iinienii  cl  ds  Cagricl 

•  RnBEnTo  Trompowaky  Leitao  de  Almeida,  cotunel  du  g£ni> 
Europe. 

Bnlgarie  [Bal^ariai. 

MinuUi'r  del  l'-iraux  nublu-s,  roies  el  comiiiunicaliiini. 


Minitlire  de  [indutli-ie 

•Vioroa  pBiToT  Freire, 


del  li-acaiix  puUici  et  de  la  colonisaliun  : 
DgAnieur,  inipactenr  techaiqns  des  materia  us  ei 
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Chine  (China). 

he  Tsung-li-Yamen. 

Congo  (£tat  independant  dn). 

D^partement  des  affaires  itrangdres  : 

#Le  msyor  Albert  Thys,  offlcier  d'ordoDnance  du  Roi  des  Beiges,  administrateur  directeur  g^n^al 
de  la  Compagnie  du  chemin  de  fer  du  Congo; 
GioBOEs  De  Laveieye*,  adminlstrateur  de  la  Compagnie  du  chemin  de  fer  du  Congo  (rapporteur); 

♦  Emilb  Delcommune^  commissaire  de  la  Compagnie  du  chemin  de  fer  du  Congo. 

Danemark  (Denmark}. 

MinisUre  de  VinUrieur  ct  des  travaux  publics  : 
♦Tegner,  directeur  g6n6ral  des  chemins  de  fer  de  T^tat  danois. 

Egypte  (Egrypt). 

Administration  des  chemins  de  fer,  des  tddgraphes  ct  dnport  d^Alexandrie : 

♦  S.  Exc.  BoGHos  Pacha  Nubar,  administrateur; 
#Cotterill,  ing^nieur,  sous- chef  du  service  technique. 

Espagne  (Spain). 

Minist^re  dn  Fomcnto  : 
4  Don  Eduardo  Echegaray,  ing^nieur-chef. 

l^tats-Unis  d'Amerique  (United  States  of  America). 

Secretariat  d'etat  : 
^James  R.  Roosevelt,  secretary  of  (he  United  States  Embassy  in  London. 

France. 

Ministdrc  des  travaux  publics  : 

♦  Alfred  Picard*,  inspecteur  general  des  ponts  et  chauss^es,  president  de  la  section  des  travaux  publics, 

de  ragriculture»  du  commerce  et  de  I'industrie  au  conseil  d'l^tat,  vice-president  du  cosiitd  con- 
sultatif  des  chemins  de  fer  (vice-president  de  la  Commission  internatioaale  du  Gongrte) ; 
#Linder,  inspecteur  general  des  ponts  et  chauss^es,  vice-president  du  conseil  general  des  mines ; 
#OrSdl.  inspecteur  general  des  mines,  vice-president  du  comite  de  I'exploitation  technique  des  chemins 
de  fer; 
Colson*,  ingenieur  en  chef  des  ponts  et  chaussees,  maitre  des  requdtes  au  conseil  d'etat,  directeur  des 
chemins  de  fer  au  ministere  des  travaux  publics  (membre  de  la  Commission  internationale  du  Con- 
gres); 
Anzouy,  chef  du  cabinet  du  ministre  des  travaux  publics; 

♦  Teissier,  auditeur  au  conseil  d*^tat ; 

♦  Leon  Barthou; 

Xassien,  inspecteur  general  des  mines,  charge  de  la  direction  du  oontrAle  des  chemios  de  fer  de  TBst ; 

♦  Salva,  inspecteur  general  des  ponts  et  chaussees,  charge  de  la  direction  du  coatrftle  du  chemin  de  fer 

du  Nord ; 
♦Holtz,  inspecteur  general  des  ponts  et  chaussees,  charge  de  la  direction  du  contr61e  des  chemins  de 
fer  de  Paris-Lyon-Mediterranee; 


♦  Forestier,  inspecteur  gtm&ral  des  ponts  et  cliausntes,  clinrg^  de  la  direction  du  contrflle  du  ckemin 

de  fer  alg^rien ; 
^Lefebvre.  inspeclenr  g^oiral  dos  pools  e(  chaass^,  cliarg^  dc  la  direction  du  conlrfile  da  cbamia 

de  fer  d'Orlians ; 
«Le  Cbatelier,  inginieur  «a  cM  des  ponls  et  cliau^sees,  chargS  du  sertice  spfeinl  du  coi>tr6l«  des 

ligiii^s  en  construclian  ou  en  exploLtatiDii  dans  Paris; 
«Worms  de  Romill^,  ingimeur  en  chef  des  mines,  nllncliS  au  scnrice  da  eonlrila  du  riseau  de  la 


mMt 
«Resal.  ing^nii 


iin^e; 


i  la  direction  des  chemins  defer  au  inij 
miniil^re  des  li 


n  Cher  des  pontd  elcliauas^ea,  adjt 
deE  travaux  publics; 
^Chesnean.  ing^nieur  des  miues,  adjouil  s  la  direction  des  clieniiiis  de  Ter 

.l/im'jWi'B  du  commeree,  de  f mduaffie,  dei  postet  el  de$  liligraphet  : 
^ALFnsD  Picard*,  ci-dessus  dAsigni  (voir  ilinitfire  det  tracaia:  publia); 

^Chand^ze,  directeur  du  commerce  eiMrieur  au  minisl^re  du  commerce  el  de  I'induslrie,  membre 

du  ronJiS  consullatif  des  cbemins  de  fer; 

Delauaay-Balleville.  pr^ident  dc  U  diambre  de  commerce  de  Puris.  membre  du  comity  consultalir 

de^  I'liemins  de  fer,  directeur  gdndral  de  I'eiploilalion  de  I'Eiposition  universelle  de  1900; 

^Dervilld,  president  du  tribunal  de  commerce  de  la  Seine,  membre  du  coniiti  consultnttf  des  cbemins 

de.  Ti.T,  direclcur  g^n^ral  adjoint  de  I'eiploitntion  de  I'Eiposition  universelle  de  IQOO; 

♦  Chardon,   auditeur  de  1"  daase   an   conseil  d'^lat,  secretaire  adjoiiit  du  comiie  cousulLiilif  des 

cbemins  de  fer,  secretaire  g«u6ral  de  I'Eiposition  universelle  de  1900; 

•  Fontaine,  ingiuleur  des  mines,  cbarg6  des  Tunclions  de  aous-directeur  de  I'Office  du  Irninil ; 

•  Romieu,  mailre  deit  requeiea  au  conseil  d'^tnt,  proCesseur  de  legislation  des  cbemius  de  fer  a  I'^cole 

det  sciences  politli]u»B; 

♦  A;«naKpelletan.  ing^nieur,  coramissaire  eipert  pour  la  verification  des  mnrchandises  prisentees  aux 

♦  Goary  du  Roslan,  iugenieur  des  pants  et  chaussfes,  dd16guA  permanent  de  I'OISce  du  travail ; 

♦  Petld,  ingi^uieur  des  mines,  jnginieur  adjoint  au  chef  da  reiploilotion  des  cbemins  de  fer  del'lit.it; 

•  Gottschalk,  ing^nieur  civil,  membre  du  comili  consullalif  et  du  comite  de  I'eiploilalion  tecbnique 

(in  cbemins  de  fer; 

•  Fonlzon,  iLigfinieur  civil,  memlire  du  corail*  de  I'ejploilntion  leclinique  des  cbemins  de  fer; 

♦  Lagout.  ing6niear  en  cbef  des  pontselchaussees; 

•  Debray.  ingSnicur  en  chef  des  ponls  et  cbausaf«s,  professeur  k  l'^':olu  nalionale  des  pools  el  cbauiafet, 

hpcrdtaire  general  de  la  Commission  des  niethod-s  d'essai  des  materioui  de  conslruclion ; 
FlachoD,  cbef  adjoint  du  cabinet  du  Mintstre  des  Iravauv  publics. 

Orande-Brela^e,  empire  des  Indes  et  coloniei 
lOreat  Britain,  India  and  Colontea.) 

A,  —  Opande-Drelngne    (Gront   Orlloln). 

MinltUiir  du  fommtrce  {Board  of  Trade) : 

•  Jauis  Bryce,  president; 
•TlieK^nt.  Cathcart; 

•Til*  Riglit  Honourable  Lord  Balfour  ot  Burleigh ; 
♦Tlio  Riglil  rionournhte  A.  1,  MundeUa,  M.  P.,  P.  B.  S  ; 

♦  Sir  Courtanay  Boyle*.  K.  C  B.,  permanent  secretary  !o  the  Bo.-ird  of  Tr.i 

nnglaisn); 
FB»KiiiHj,  S.  Hopwood,  C.  M.  O.,  assistant  secretary,  Board  of  Trade; 


nembre  de  la  sectioi 


i 
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♦Sir  MoNTAOo  Ommanney,  K.  G.  M.  G.,  Grown  Agent  for  the  Colonies; 
♦Major-General  C  S.  Hutchinson,  R.  E.,  G.  B.; 

♦W.  H.  Pr66C6»  G.  B.,  F.  R.  S.,  engineer  in  chief  and  electrician  to  the  general  post  office; 
♦Major  F.  A.  Karindin,  R.  E.,  G.  M.  G.,  Board  of  Trade,  inspecting  officer  of  railways; 
♦Lieutenant  Golonel  H.  A.  Torke,  R.  E,.  Board  of  Trade,  inspecting  officer  of  railways; 
♦Major  G.  W.  Addison,  R.  E.,  Board  of  Trade,  inspecting  officer  of  railways ; 
♦Major  P.  Cardew,  R.  E.; 
♦Major  G.  M.  G.  Bate,  R.  E.; 
♦Lieutenant  E.  P.  G.  Gironard,  R.  E.; 

♦  Lieutenant  E.  H.  M.  Leggett,  R  £. 

B,  —  Empire  de«  Inde*  et  colonies  (India  and  Colonies). 

Stcritariat  d£iat  pour  Vempire  des  Indes  {Under  Secretary  of  Slate  for  India)  : 

* 

♦Col.  R.  A.  Sargeannt,  R.  E.,  Assoc.  M.  Inst.  G.  E.,  F.  J.  Inst.,  director  general  of  Indian  Railiirays; 
♦J.  R.  Bell,  consulting  engiaeer  to  the  Government  of  India  for  State  Railways. 

D^partement  des  chemins  de  fer  ct  canaux  du  Dominion  du  Canada  {Department  of  Railways  and 
Canals  of  Canada) : 

♦Sir  Charles  Tapper,  Bart.,  G.  G.  M.  G.,  C.  B  ,  High  Commissioner  for  Canada  in  London  ; 
♦CoNRADiN  F.  Just,  secretary  of  the  HigJi  Commissioner  for  Canada  in  London. 

Ministeredes  travaux  publics  de  lacolonie  du  Cap  {Public  Woi'ks  Department  of  Cape  of  Good  Hope). 

Agcnce  ginirale  de  la  colonie  de  Natal  d  Londres  {Agent  general  for  Natal  in  London) : 

♦  Walter  Peace,  C.  M.  G.,  agent  general  for  Natal  in  London. 

Agence  ginirale  de  VAustralie  de  V Quest  {Agent  general  for  Western  Australia) : 

♦  Sir  Malcolm  Fraser,  K.  G.  M.  G.,  agent  general  for  Western  Australia  in  London. 

Agaice  gin^ale  de  VAustralie  du  Sudd  Londres  {Agent  general  for  South  Australia  in  London)  : 
♦The  Hon.  Thomas  Playford,  agent  general  for  South  Australia  in  London. 

Agence  g^nirale  de  la  colonic  de  la  Nouvclle  Gallcs  du  Sud  d  Londres  (Agent  general  fur  New 
South  Wales  in  Lotion)  : 

♦Edward  Miller  Gard  Eddy,  Chief  Commissioner  of  the  New  South  Wales  Government  Railways. 

Agence  g^n^rale  de  la  colonie  de  la  Nouvclle  Zelande  d  Londres  (Agent  general  for  New  Zealand 
in  Zjondon)  : 

♦  Jonx  Carrathers,  consulting  engineer  to  the  Government  of  New  Zealand  in  London. 

Agrncegindrale  de  la  colonie  dc  Queensland  d  Londres  {Agent  general  for  Queensland  in  London)  : 

♦  Sir  Jamss  Garrick,  agent  general  for  Queensland  in  London. 

Agence  ginirale  de  la  colonie  de  Tasmanicd  Londres  {Agent  general  for  Tasmania  in  London)  : 
Sir  Robert  G.  W.  Herbert  G.  C.  B.,  agent  general  for  Tasmania  in  London. 

Agence  ginirale  de  la  colonie  dc  Victoria  d  Londres  {Agent  general  for  Victoria  in  London). 

Grece  (Greece). 

MinisUre  de  TintMeur. 

ItaUe  (Italy). 

Ministirc  des  travaux  publics  : 

Franqois  Brioschi*,  s^nateur  du  royaume  d'ltalie  (membre  du  comil6  de  direction  du  Congr^s); 

♦  Ix  comte  Louis  Ripa  di  Meana,  inspecleur  gdndral  des  chemins  de  fer  ; 
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Ottolenghi,  inspecteur  sup^eur  des  chemios  de  fer; 
# Rossi,  inspecteur  sup^rieur  des  chemius  de  fer; 
^Grosa,  inspecteur  en  chef  des  chemins  de  fer. 

Tapon  (Japan). 

Mintslire  des  communications  : 

HiKOKicHi  Ijuin,  secretaire  de  la  li^gation  da  Japon  k  Londres. 

Luxembourg  (Luxemburg). 

Direction  gin^rale  des  travaux  publics. 

Mexique  (Mexico). 

Secretariat  des  communications  et  des  travaux  publics  : 

Luis  Salazar,  ing^nieur ; 
^EsTANisLAo  Velasco,  ing^nieur,  chef  du  ddpartement  des  chemins  de  fer. 

Vorvege  (Horway). 

Ministire  des  travaux  publics  : 

#G.  Pihl,  directeur  pour  le  d^partement  de  construction  aux  chemins  de  fer  de  I'iStat; 
C.  E.  KrefUng,  directeur  pour  le  d^partement  de  Texploitation  aux  chemins  de  fer  de  1*^181. 

Fays-Bas  (Holland). 

Minis t^re  du  waterstaat,  du  commerce  et  de  Vindnstrie  : 

#  J.  J.  Tan  Kerkwijk*,  membre  de  la  seconde  Chambre  des  ^tats-O^n^raux  des  Pttys-Bas  (membre  de 

la  Commission  internatiooale  du  Congr^s) ; 
# Simon (fils),  membre  du  conseil  de  surveillance  des  chemins  de  fer. 

Perou  (Peru). 

Ministire  de  Vintdricur,  de  la  police  et  des  travaux  publics, 

Portugal. 

Ministire  des  travaux  publics,  du  commerce  et  de  Vindustrie  : 

#Bbnto  Portunato  dr  Moura   Continbo  d' Almeida  d^E^a,  ing^nieur,  inspecteur  de  i'*  classe  et 
membre  du  conseil  des  travnux  publics  et  des  mines. 

Eoumanie  (Roumania). 

Ministire  des  travaux  p\d)lics  : 

^Duca*,  directeur  «;^6n^ral  des  chemins  de  fer  de  Ibilat,  professeur  a  I'licole  des  ponts  el  chaussi^es 
de  Bucharest  (membre  de  la  Commission  Internationale  du  Gongros  ct  rapporteur); 

♦  Ch.  Drago,  chef  do  service  des  ateliers  et  du  materiel  aux  chemins  de  fer  de  T^tat; 
#A.  Gafenco,  chef  de  service  aux  chemins  de  fer  de  Tj^tat ; 

#A.  GotteSCO,  chef  de  service  aux  chemins  de  fer  de  I'^tat ; 
#0.  Kanesco,  chef  de  service  aux  chemins  de  fer  de  Tl'^tat; 
#A.  Saligny,  chef  de  service  aux  chemins  de  fer  de  I'l^tat. 
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Bussie  (Rnssia). 

Hnut^'e  des  roiVs  de  communication  : 

^  >^L£XANDRE  Termoloff,  conseiller  priv^,  directeur  de  la  chancellerie  du  miiiii>tre  dos  voics  do  com- 
munication ; 
^  %"'ladi>ur  WerchOTSky*,  conseiller  priv6,  ing^nie'ir  des  ponts  et  cbaussdes,  membre  du  conseil  des 

chemins  de  fer  (membre  de  la  Commission  ibternationale  du  Congr^s) ; 
^I^^iLE  Sonmarokoff*,  conseiller  d'etat  actuel,  ing^nieur  des  ponts  et  chnuss^^es,  directeur  du  d<^par- 

tcment  des  cbemins  de  fer  (membre  de  la  Commission  interuationale  du  Congr^s); 
^  l^uis  DE  Perl*,  conseiller  d'etat  actuel,  attache  au  miaist^re  et  g^rant  de  I'Union  ruspe  pour  leK 
relations  Internationales  des  chemins  de  fer  (membre  de  la  Commission  internntionaledu  Congr^H 
et  rapporteur); 
^Nicolas  Kopytkin,  conseiller  d'liStat  actuel,  iug^nieur  des  ponts  et  chauss^n,  inspecteur  des  trains 

imp^auz ; 
#Salkoff,  conseiller  d'l^tat  actuel,  ing^nieur  ; 
^Jacques  6ordidenko»  conseiller  d']£tnt,  ing^nieur  des  ponts  et  cbauss^s,  prol'esseur  extraordinaire 

a  rinslitut  des  voies  de  communication  de  I'Empereur  Alexandre  I*'' ; 
4Le  colonel  Alfred  SB  Wondrich^ing^m'eur  militaire,  membre  du  conseil  des  ingenieurs  du  miuiH- 

t^re  des  voies  de  communicalion ; 
^Balthazar  Felix  Souschiosky,  conseiller  d*^(nt,  ing^nieur  attnclie  a  In  section  technique  du  d6par- 

tement  des  chemins  de  fer; 
^Sytenko,  conseiller  d'etat,  rcdacteur  en  chef  du  Journal  officiel  du  minist^rc  des  voies  de  coinmunica- 

tioo ; 
^Stanislas  de  Kounitsky,  conseiller  de  cour,  ing^nicur  de  cinqui^me  clusse  au  miuist^re  des  voies  de 

communication ; 
^Proscooriakoff,  conseiller  de  cour,  aide  du  gerant  du  laboratoire  m^canique  de  I'lnstitut  des  iiigd- 
iiieurs  des  voies  de  communication  de  TKmpercur  Alexandre  I^"',  iiigenieur  des  voies  de  communi- 
cation ; 
#V.  Herzenstein*,  conseiller  litulaire,  ingenicur  attach^  au  ministdre  des  voies  ^le  commuiiirvition 
(rapporteur). 

Mihist&re  des  finances.  D^partetnent  des  affaires  de  chemins  de  fer  : 

^Ratkoff-RoJDOff,  yice-directeur  du  ddpartement  des  affaires  de  chemins  de  fer ; 

^Vilinski.  membre  du  comity  des  tarifs  du  minist^re  des  finances ; 

^Khitrovo,  fonctlonnaire  pour  missions  sp^iales  du  d^partement  des  aflaires  de  chemins  de  fer  da 

minist^re  des  finances  et  repr^sentant  de  ce  minist^re  a  TAdministratioii  des  chemins  de  fer 

de  la  Couronne. 

Ministire  de  tintirieur  : 

# Nicolas  de  Zwolinski,  conseiller  bonoraire,  functionnaire  au  comile  technique  do  mini*tere  de 
rinl^rieur. 

Serbie  (Servia, . 

idlnisUre  des  travaux  publics  : 
#M(UvoiB  TossimOTiich,  in^pecteur  general  des  cliemins  de  ier  de  I'Etat  ^rhe. 

Siam. 

JJinist^rt  des  travaux  publics  : 
^Xatibr  Olin,  anckn  ministre  des  Iratanx  pab^ics  de  BelgiqG«. 
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Suede  (Sweden). 

MinisUre  de  Vint^Hcur  : 

#Le  comte  Rodolphb  Gronstedt,  directeur  g^ii^ral  des  cbemins  de  fer  de  T^tat; 
#Freorik  Almgren*,  admiaistrateur  des  chemins  de  ler  de  T^lal  su^ois  (menibre  de  la  Commission 
iiiteniationale  du  Coogr^s). 

Suisse  (Switzerland). 

D^partemcnt  des  posies  el  des  chemins  de  fer  : 

^JouANN  Tschiemer,  iuspecteur  technique; 

^FRANgcis  SchMe,  ingdnieur  du  contrdle  au  d^partement  federal  des  chemins  de  fer. 

Turquie  (Turkey). 

MlnisUre  du  commerce  el  des  travaux  publics  : 
#Le  commandant  Ghalib  Bey,  attache  naval  a  Tambassade  imp^riale  de  Turquie  a  Londres. 


B.  —  DELftGU£S  DES  ADMINISTRATIONS  PARTIC  IP  ANTES. 
:MEMRERS  APPOINTED   BY  ADMINISTRATIONS  SUBSCRIBING  TO  THE  CONGRESS, 

AUemagne  (Oermany). 

Chcmhi  de  fer  Sud-Esf  priiK^icn  (260  k.,  3  d^l.)  : 

Krueger,  membre  de  la  direction. 

Chcmin  de  fer  de  Weimar-G^ra  (69  k.,  2  ddl.)  : 

♦  EiiNST  Kohl,  direcleur,  conseillcr  sup^rieur  de  construction. 

Argentine  (Bepublique)  (Argentine  Bepublic). 

Jfur>i(ts-Aj/rrs  Great  Southrrn  Raihony  (2,255  k.  [1,401  milles],  7  do!  )  : 

^FiiANK  Parish,  chairman ; 
♦John  Fair,  deputy  chairman  ; 

♦  R.  J.  Neild,  director; 

♦  II.  C.  Allen,  secretary; 

♦  n.  II.  Loveday,  traffic  supcrinlendenl; 

♦  James  Livesey.  M.  I.  C.  Iv,  consulling  engineer; 

♦  .\.  Giet,  accountant  London  office. 

Central  Argmtme  Raih'ay  (1,236  k.  [768  millcs]    5  del.)  : 

♦  J.  W.  Batten,  director; 

♦  G.  Cooper,  director; 

♦  F.  Neild,  director; 

♦  Campijell  p.  Ogilvie,  director; 

♦  R.  Camphkll  Baines,  Mole  superintendent. 

Bncnos'Ayres  and  Ensenada  Pr.rt  Rail'vay  (206  k    [['2S  milles].  3  del.)  : 

CnARLEs  Buchanan  Ker,  director; 

♦  William  Roberts,  director; 

♦  T.  D.  Brooke,  secretary. 
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Grand  chetnin  de  ftr  Central  Sud'Amiricain  (en  construction,  2  d^L)  : 

^JcLBS  earlier,  adminisfcrnteur ; 
A.  J.  HE,  LA  Fontaine,  ing^nieur. 

Autriche-Hongrie  (Austria-Hungary). 

A.  —   Autrlcbe  (Austria). 

Chemins  de  fer  de  V£lat  (8,077  k.,  8  d61.)  : 

#S.  Esc.  le  Dr.  chevalier  Lbox  voMBilinski*,  conseiller  intime  I.  ei  R.,  chef  de  section  au  Minist^re 
I.  R.  du  commerce,  president  de  la  direction  gdn^rale  I.  R.  (d^l^gu^  du  gouvernement  autrichien). 

#Le  Dr.  Ferdinand  Zehetner,  conseiller  L  R.  aulique,  directeur  administratif  de  la  direction 
g^n^raie; 

^GosTAV  Gerstel,  conseiller  L  R.  de  r^gence,  directeur  du  mouveraent  de  la  direction  g^n^rale; 

#Le  Dr.  Chevalier  Sbvbriv  von  Kniaziolucki,  conseiller  de  la  direction  gdndrale.  chef  dc  la  section 
pr^identielle  de  la  direction  g^n^rale; 

♦  Anton  Kuhnelt,  conseiller  L  R.  de  regence,  chef  adjoint  de  la  section  commerciale  de  la  direction 

g^n^rale ; 
# Victor   Schutzenhofer,  conseiller  I.,  chef  adjoint  de  la   section  de    la  traction  de  la  direction 
g^ndrale ; 
Alois  Stane,  conseiller  dc  la  direction  g^n^rale,  directeur  adjoint  de  la  construction  de  la  direction 
g^n^rale; 

♦  Victor  von  KoloSZTary,  directeur  de  Texploitation  de  la  direction  d'exploitntion  de  Cracovie; 
#^Theodor  von  Scala,  directeur  de  I'exploitation  do  la  direction  d  exploitation  de  Villach. 

Chetnitis  dc  fer  dn  Sud  de  V Autriche  (2,596  k.,  8  del.)  : 

#Son  Altesse  Ser^nissime  le  prince  Egon  Hohenlohe, president; 
# Oscar  Schftler,  directeur; 
Lfi  chevalier  Max  Bram  von  Bardany,  conseiller  I.  R.,  directeur  de  Texploitation. 

SoTiH^  autrirhi*'nne  hnngrouc  dc<  chemins  de  ft.r  dc  VEtnt  (1,376  k.,  5  del )  ; 

#Le  chevalier  Thbooorb  db  Taussig,  president; 

#Le  chevalier  Rodolpue  de  Grimburg,  conseiller  aulique,  directeur; 

^Charles  RimbOck,  conseiller  du  gouvernement,  chef  du  service  financier; 

^Celestin  Rubricius,  conseiller  du  gouvernement,  clief  du  service  de  Texploitalion ; 

♦  FRANgois  Pauer,  inspecteur  g^ndral  et  chef  du  service  du  ranl6ricl  et  de  la  traction  ; 
#Le  Dr.  Harry  L.  Hirschl*,  secretaire  (secretaire-rappoilcur). 

Cheminn  dc  fcr  dn  Nord  Empc7*eiit*  Fr.rdinnnd  (i,295  k.,  5  del.)  : 

#Son  Exc.  le  margrave  Alexander  Pallavicini,  conseiller  intime  I.  et  R.  et  chambellan,  president; 
#Son  Exc.  lecomte  Philipp  Boos-Waldeck  und  Montfort,  conseiller  intime  I.  et  R.  et  chambellan, 

vice-pr6sidcnt; 
# Joseph  HOnigsvald.  conseiller  I.  et  R.  de  r^gence,  administrateur; 
# Alfred  von  Lenz,  administrateur; 
^Richard  Jeitteles*,  conseiller  I.  et  R.  aulique,  directeur  gdner.d  (mcmbre  de  la  Commission  inter- 

nationale  du  Gongi'^s); 

♦  WiLHBLM  Ast*,  conseiller  I.  et  R.  de  rdgence,  directeur  des  voies  et  travaux  (rapporteur); 

♦  Le  Dr.  Anton  Bezecny,  conseiller  I.  et  R.  de  r6gence,  secretaire  gdndral ; 

♦  Le  chevalier  Arthur  von  Boschan*,  ingduieur  (rapporteur). 
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Chemins  de  fn*  Nor d- Quest  autrichims  (040  k.,  4  d^l.)  : 

Le  Dr.  Emil  Sax,  administrateur; 

♦  Le  Dr.  Alexander  Eger,  conseiller  aulique,  direcleur; 
^  Wenzel  Hohenegger,  ing^nieur,  directeur  des  travaux  ; 

♦  Le  Dr.  Max  Borowy,  secrdtaire  de  la  direclion. 

Jonction  Sud-Word  allemande  (280  k.,  3  del.)  : 

♦  JoHANN  Freiherr  VON  Lieblg,  administrateur; 

♦  Louis  LOb,  administrateur; 
E.  Prinzig,  administrateur. 

Chemins  tie  fer  dc  Lemhcrg-Csernowiti-Jns»y  (581  k.,  4  d^l.)  : 

♦  E.  A.  Zififer,  ing^nicur,  president; 

♦  Lord  EusTACB  Cecil,  administrateur; 
L.  M.  Rate,  administrateur; 

♦  Max  Zingler,  secretaire  du  bureau  de  Londres. 

Chemins  dc  fer  du  Nord  de  la  Bohdmc  (320  k.,  3  d61.). 

Chrmin  de  fer  de  Vi^ine-Aspang  (85  k.,  2  del.)  : 

♦  Franz  GrtLnebaum,  vice-president; 

♦  Le  chevalier  Alfred  Tunkleu  von  Treuimfeld,  directeur. 

B.  —  lloiigrlo  (Huni^nry). 

Chemins  de  fer  de  VEtat  (7,395  k.,  8  dtM.)  : 

♦Jules  Ludvigh*,   conseiller  ministeriel,  membre  de  la  Qiambre  des  Magnate,  directeur>pr^$id 
(membre  dc  la  Commission  internationale  du  Congrte,  d^l^gu^  du  gouvernement  hongrois); 

♦  SioisMoxD  Thaly,  conseiller  royal,  chef  d'exploitation  ; 

♦  Emilb  Stiffson,  inspecteur  au  service  du  mouvement ; 

♦  SioisMOND  Abeles.  inspecteur  au  service  dc  la  traction; 

♦  Ferdinand  FSrstcr,  directeur  de  la  fabrique  de  machines; 
Henri  Fouquau,  secretaire  dc  la  direction. 

Chrmin  dc  fer  Kaschau-Odcrherg  (446  k.,  3  d^l.)  : 

FiKUBE  DE  Rath,  in^j^nieur,  directeur  general ; 

♦  Adobjau  Hausser,  dccleur  en  droit,  inspoclcur  principal. 

Chemins  de  frr  iinis  d'Atvd  ct  de  Csanad  (325  k.,  3  del.)  : 

♦  Hem  de  Boros,  conseiller  royal,  depute  au  Parlement  hongrois,  directeur  el  ing^nieur  en  chef; 

♦  Bela  de  Vasarhelyi,  directeur  et  administrateur; 

♦  Laszlo  de  Bohus,  directeur  et  administrateur. 

Chrmins  de  fer  de  la  vallee  de  Siantos  (221  k.,  3  del.)  : 

♦  Alexandre  de  Schreiber,  membre  de  la  direction  ; 
iSoLTAN  DE  Maleter,  directeur. 

('hemin  de  fer  d'int^rtH  local  du  SzilafjysciQ  (i09  k.,  3  del.)  : 

(^olomaN  db  GlllaC8y,  administrateur  deiegtie; 
Jl'les  DE  Poscb,  administrateur; 
Amhroise  Nemenyi,  administrateur. 
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ChcTTiin  ffe  fef*  de  Nagy  Kihinda  A  Nagy-Becskerek  (71  k.,  2  del.)  : 

I»uis  Deatsch,  coDseiUf  r  de  direction ; 

Le  Dr.  Stbpan  Kopessy,  directeur-rapporteur. 

CA<r>>itn  de  fer  de  MohacS'Filnfkirchen  (69  k.,  2  ddl.)  : 

LoiTis  OE  Ullmann,  directeur  gdn^ral ; 
£Km!  OE  Thaly,  directeur  de  Texploitation. 

Ch^»9riin  de  fer  de  Vtnkovce  a  Brcka  (51  k.,  2  d6l.)  : 

lift  olievalier  Ernest  ds  Lindheim,  administrateur ; 

Co  1-43 VAX  DB  Galacsy*,  adminislraleur  d6l6gu6  (d6l6gu6  diichemio  dc  fer  d'inl^rdt  local  du  Szilagysag). 


Belgique  (Belgium}. 

^It^T^ins  de  fer  de  I'FAat  (3,250  k  ,  8  del.). 

CommUsion  internationale  du  Congr^s  : 
#A.  Utibois*,  administrateur  des  chemins  de  ferde  Tibial  beige,  president  de  la  Commission  interna- 
tionale du  Gongrds  (d^Idgu^  du  gouvernement  beige); 
^R^maeckers*,  secretaire  gdn^ral  du  minist^re  des  chemins  de  for,  posies  et  tel^graphes,  membre  du 

comity  de  direction  du  Congr^  (d^l^gu^  du  gouvernement  beige); 
#Scliaar*,  administrateur  des  chemins  de  fer  deTI^tat  beige,  membre  de  la  Commission  internationale 

du  Congrds  (id.); 
#tiouis  Weissenbmch*,  ing^nieur  aux  chemins  de  fer  de  I'litat   belge»  secretaire  du  comity   de 

direction  du  Coogr^  (id.); 
^Gdouaid  Holemans*,  chef  de  division  aui  chemins  de  fer  de  Tl^tat  beige,  Iresorier  du  comity  de 
direction  du  Congr^s  (id.). 

Rapporteurs  : 

^Habert*,  ing^aieur  en  chef,  directeur  d'administration  aux  chemins  de  ferde  TKtat  beige  (id.;; 
.^lodeige*,  ing^nieur  principal  aui  chemins  de  fer  de  I'litat  beige  (id.); 
4L0CIBV  Motte*,  iog6nieur  principal  aux  chemins  de  fer  de  Tlitat  beige  (id.). 

Autres  diUgiUs  : 

^Dethiea*.  inspecteur  g^n^ral  aux  chemins  de  fer  de  I't^tat  beige  (id.); 
^Violt*,  inspecteur  de  direction  aux  chemins  de  fer  dc  I'litat  beige  (id.); 
#De  finuchere*,  ingdnieur  en  chef  aux  chemins  de  fer  de  I'l^tat  beige  (id  } ; 
♦  Er^st  Gerard*,  ing^nieur  principal  aux  chemins  de  fer  de  ri5tat  beige  (id  ) ; 
^Enmeel*,  ingdnieur  principal  aux  chemins  dc  fer  de  I'l^tat  beige  (id  ). 

Chemin  de  fer  Grand  Central  Jhlyc  (611  k.,  4  d6l.). 

DiUguit  de  droit  : 

^JuLB3  Urban*,  directeur  general  du  chemin  de  fer  Grand  Central  Beige,  pi*^identdc  la  SociSlc  gdnerale 

beige  de  chemins  de  fer  economiques(vice-pr6sident  de  la  Commission  internationale  du  Congres) ; 

^EuGKN'B  Belleroche*,  ingdnieur  chef  de  service  au  chemin  de  fer  Grand  Central  Beige  (rapporteur). 

Autres  diUguis  : 

#lfOIltefiore-LeYi,  sdnalour,  prdsident ; 

Mauricb  Urban,  ingtoieur  en  chef,  directeur; 
^Charles  Le  Bon,  ingdnieur  en  chef,  directeur; 
^Kmilb  Spmyl,  directeur. 
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flicmitis  dc  ft  r  XortJ'Oitrst  autrichims  (040  k.,  4  fl' 

F.o  Dr.  Kiiii.  Sax.  administruteur; 

♦  I.'-'  Im'.  Ai.KXANDER  Eger,  conseiller  aulique.  direcl- 

♦  \Vi:n7i:l  Hohenegger,  ing6nieur,  directeur  des  ti 

♦  Lo  Dr.  Max  Borowy.  secretaire  de  la  diroclioii 

J'.n''ii.,n  S"i-yord  aUcmande  (280  k.,  3  i' 

#J  HANN  KREinERR  VON  Lieblg,  administriti 

♦  L-  VIS  LOb.  .ndniinistrateur; 
II.  Prinzig,  administi-ateur. 

f'h'^minx  dc  fer  dc  Lenthcrff-Czernf 

♦  £.  A.  Ziffer.  iiig^nicur,  prfeidenl : 
#Loni  KusT.vcB  Cecil,  adininislr:it>^ 

L.  M.  Rate,  admin  is  Irateur: 

♦  Max  Zingler,  secretaire  du  b;:. 

i 'he Hi  ins  dr  fer  du  /Voivf  i. 


Ch-  uiin  tie  fer  de  Vi*ii»;-  - 

♦  KiivNz  Grftnabmin.  \ 

#L-:  chevalier  Alfri:i- 


■•..)  : 
.    '.■.•iialc  du  CoiJLTes); 

r  o.i  tlicf  dos  sor- icc^  :  ciifs. 
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('hrmirts  "'■ 
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•.s7r/c;ir(30k.,2d61.)  : 


(21  k.,  2  del.)  : 


■  W//^(22k.,2d^l.)  : 


iiilirc  des  repr^sentants  de  Belgique,  administrateur. 
(?<77id(50k.,2d6l.)  : 


.  iS.  ci  lininistrateur; 
.-jse.  iliiecteur  g^rant. 

.•io'ialc  dcs  nhtfmins  de  for  vicinanx  (1,144  k.,  5  del.) : 

^r :  IS.  luoMibre  de  la  Cliambre  des  repr^senfeants  de  Belgique,  president; 

♦C.  DE  Burlet*,  directeur    g6n6ral  (membre  de    la   Commission    Internationale    du  Congrds    et 
rapporteur); 

♦  A.  Lebrun,  secretaire  sr^n^ral. 

Chmins  de  fir  sccondaircs  {Compagnic  gin^rale  dcs)  ^239  k.,  3  d6l.)  : 

♦Ocstave  Michelet,  administrateur  d^l^gu<^; 

♦  P.  Li^nartt  ingenieur  en  chef; 

F-  Nonnenberg.  ingenieur  en  chef. 

Railways  iconomiqvcs  dc  Liige-Seraing  et  cTtensions  (300  k.,  3  ddl.)  ; 

^Dnpont-Raclouz,  administrateur  del^gu6; 

♦Pail  Bourgeois,  directeur ; 

♦Ed.  De  Guyper,  directeur  de  rcxploitation. 

^ocUUg^nirale  dr  rhemins  de  fet'  6conomiq\ies  (152  k.,  3  d^l.)  : 

E.  Urban,  ing^meur,  administrateur; 
♦0. Kamps.  ingenieur,  administrateur; 
H.  De  Backer*,  ingenieur,  directeur  g6n6ral  (rapporteur). 

('ompagnie  intern,  des  icagonsMts  et  des  grands  express  curop^ens  (1,298  essicux  a  voy.,  5  del.)  : 

♦Geohgbs  Nagelmackers,  directeur  g^niral; 

A.  Lechat,  sous-directeur  a  Paris; 
♦Schrosder,  chef  de  direction; 
♦Gain,  ingenieur  en  chef; 
♦A.  Neef,  inspecteur  g^n^ral. 

♦Wildhagen*,  inspecteur  principal  (secretaire-rapporteur). 

Compagnie  auTiliaire  Internationale  de  chemins  de  ff.r  (3,296  essieux  a  marchaadises,  3  d61.)  r 

♦  Le  baron  E.  de  Gienanth,  administrateur  d^I^gud ; 
E.  Funck,  administrateur; 
Gborobs  De  Laveleye*,  administrateur  (d^l^gu^  du  gouve.^nc  ment  du  Ci  njo  et  rapporteur). 
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Bresil  (Brazil). 

Brggjl  Great  Soitthern  Railway  (982  k.  [610  milles],  4  d6l.)  : 

# William  John  Alt,  director; 
Henry  Raincock,  director; 
Laurence  A.  WilliamSt  secretary. 

Chcmin  de  fer  central  de  la  Ii(^p,  des  ^tats-Unis  dii  Bresil  (730  k.,  4  d^l.)  : 

# Roberto  Trompowsky  Leitao  de  Almeida*,  colonel  du  g^nie,  cliefde  la  commissiou  des  achats  eu 

Europe  fd^ldgud  du  gouvernement  bresilien); 
#  Arthur  Alyim,  ingdnieur,  ancien  ing^nieur  en  chef  de  la  voie. 

Compagnie  g^^ralc  de  chcmins  dc  fer  hr^silicns  (358  k.,  3  d^l.)  : 

^Th.  db  Joly,  president; 

^A.  Dorieux,  administrateur; 

^L^oN  Fontaine-De  Laveleye,  administrateur. 

Chetnins  de  fer  Sud-Oitest  brisiliens  {Compagnie  da)  (160  k.,  3  d^I.)  : 

P.  Philippson,  administrateur; 
A.  Focquet,  administrateur; 
^A.  Sp6e,  administrateur. 

The  Conde  d'Eu  Railway  (l42  k.  [88  milles],  3  d6l.)  : 

^Obrard  Pbilipp  Torrens,  chairman ; 
^ Henry  Scott  Boys,  director; 
^  Frank  SilTerloch,  secretary. 

Great  Western  of  Brazil  Railway  (140  k.  [87  millesj.  3  d61.)  : 

# Frank  Parish*,  cliairman  (d^l^gue  du  Buenos- Ayres  Great  Soutliern  Railway); 
♦A.  P.  Toule,  vice-cliairman; 
^Henry  Watts,  secretary. 

Bolgarie  (Bulgaria). 

Chemins  dc  fcv  dr  T Etat  (530  k.,  4  d^l.). 

Chili. 

Antofagasta  {Chili)  and  Bolivia  Railway  (924  k.  [.'>74  millesj,  4  del.j  : 
^E.  M.  Underdown,  Q.  C,  chairman. 

Colombie  (Colnmbiai. 

Cartagena  Magdalena  Railway  (106  k.  [66  millesj.  3  del.)  : 

♦  F.  R.  Hart,  president; 

^K.  Newson,  general  European  agent.   * 

CoDgo  (^t  independant  dn). 

Cliemin  de  frv  du   Congo  {Cotnjyagnie  tht)  (80  k.,  2  del.)  : 

♦  Le  mojor  Alfjkrt  Thys*,  administrateur,  directeur  gdn^ral  (d^l^gu^  du  gouvernement  du  Ck>ngoj; 
#Jean  Cousin,  administrateur,  mcmbre  du  comity  permanent; 

♦  A.  J.  Wauters.  secretaire  g^niral. 
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Suiemark  (Bentnark). 

ktmint  d^  ff,-de  VElal  (I.IJBI  k,, 5(3*1.)  ■ 

♦Westergaard.du^/du  service  de  reiploilulion ; 
#Bnsse.  ing^nieur  en  chef  du  nuitiriel  et  de  !a  traclioit: 

Crast.  iiiffl'iiieiirea  clief  aiijoint  das  cheeoinaila  fer  en  L'iPii>.l[iict(oii i 
•  Rimestad,  cliff  de  horenu . 


hemiii  dt  fc-  df  la  Fioni 


^ridwnaU  (10  k„  2  d.'l,). 


T  Lollani-FaUtcr  (72  k.,  8  d41.)  : 


* 


C  P.  Tietgen.  conseiller  intimed'I^tul,  president; 
""^Larsen,  chef  de  reipbilation. 

ii  dc  fer  de  I'Eit  de  Seelaiid  [47  kil.,  ?  il^l.)  : 

C.  F.  TietgeR',  conaeiller  intima  d'^lat,  president  (dit1»:,Me  dii  die 
♦  J.  Hansen,  J^ecrilnire. 

feypte  (Egypt). 

Chemini  de  fer  de  rSlat  (l,ol4  k.,  5  d61.) : 
♦S.  Eic.  BouuoB  pACOA  Nnbar*.  adminislrnleui-  (diUgui  du  goiivei' 


I  de  far  de  LoIlaixl-FaUlcr) ; 


«  rff  />■-  du  Nord  da  I'B 


■e  teclinique  (id.). 
Espagne  ISpain;. 
k' (2.940  k.,  8  del,); 


EMU.B  Pereire.  prciideot  du  ComiK  de  Paris; 
Rafaki.  ingnlo.  membre  du  Comic^  de  Pxris; 

Maobicb  Budo,  membre  du  Comity  de  Paria ; 
J.  Barat,  directeur; 

A.  Biarez.  i»gfinieiiren  cliefdu  service  ceiilrol  li  Puits; 
Ma  OHIO.  Pereire.  ingenieur  stUckA  a  la  dilution  a  I'ai-U; 
•Michel  Sala,  ingiiueur  de  la  roic. 

Chernin  d' fr,- de  Uflrid  rt  Sarnyotit  et  a  Alicanlr- (tfi'.i  li.,»dtl,)! 
GcitTAVE  Bauer,  admliiistraleur; 
CiTiin.\o  Se.itrSDO  HODtesinO,  direEleur  gdm^rol ; 
♦CntKus  GrebOB,  dirccleurgin^rol  adjoint; 

AiisKt  Levi-Alvares,  itiginieur  Ci>n?eil,  secretaire  giuiral  du  coinile; 
^Hut  Lisle,  iiiHpectcur  g«n£ral  dcs  aernoes  ad  mini  lira  tilt  et  fliianoicrs; 
*/oAOUiN  L.  DE  Letona,  ing^nieur  en  cbeF  da  b  voie  ct  des  lra«aui ; 
♦'ViTBiN  S&SS.  iugflniaur  en  olief  de  I'ciploilution. 
£^fmiiw  de  fcr  anrlalo,,!  (363  k,,  4  d*l.). 
ggwiwf  J<  ftr  rff  Tan-agnne  d  B'-rcelane-  el  a  la  Francr  (713  k  ,  4  d^l. 


-t-*ljDlo  Planas,  direcleur  gfrnnl; 
Wasiubl  be  Arambnra  y  Pelayo,  i 

ruploitation ; 

♦^«>««»ci Maristany  y  Gihert,  iri^an 


nr  on  clier  des  ponti  et  ctiauss^  d'Eipa^ne,  cbet 
4  pants  et  ehauE;,^  d'Eipa^ne,  cliafde  la  conatruclio] 


ij  de  fei-  d;  Mnrlrid-Cact 


■I  Porliigal  el  rOunf  iTEipagiie  {Conip;igiii( 


(S05  k.,  i  J*l.). 

Chfniii  rff  ffr  de  Medina  del  Campo  d 


t  Fi>o(g93k..3dtl.)- 


40.  DouiNco  Juan  Sanllahy.  i'ice-pi'«iiiileiil 
*D.   Antdnxo  HasiO.  nssistant  ilu  coiiseil. 

Ch--1nt  de  fev  d„  Sud  rfe  VBspagitc  (150 
4Yvn  BoBch.  [ii'^sideiit  Ju  comik  dc  Paris; 
*i!mii.e  Cousin,  iiig^nieur. 

Clu-miuj  ill-  {,  V  el  minei  de  S 


LikuiiKASo  UK  Lairamendi,  pr^sideni; 
RoDoij'o'JnncadeUa,  secritnire; 
Doumoo  Vehil,  ing^nleur. 

Cheniin  df  /<T  de  Uediiia  del  Campo  d  Salnma-ica  (' 
Pierre  CaiUat,  adminEstrsleur  dd«gkiA  : 
Drouin,  inspecleur general. 

Chemin  de  fe.-  de  Valence  el  Aragon  (30  t.,  2  (lei.) : 
H.  PMmans.  adminiatrnteui'; 
^PcLti  Dolhaye,  admitiistraleur. 


II  d'-t-i>  Aha^eia»  (HO  k.,  3  ddl.)  ; 


^tatB-UiuB  d'Amerique  lUnitel  States  of  America). 

cay  Associoiimi  (22S,Jti5k.  [141,495  milles],  S  d*l.)  i 


•  Hen 


ind  SchujlkEll  Railroad; 

Dciolioa  and  mannger  of  tbe  Otltcinl  Railway 


♦  Alfhicd  Walter,  president  Dels wsrre,  Susqiiclmiiiia 

♦  WiLLUU  F.  Allen,  secretary  American   Railwny  Ai 

•Jaues  T,  Haraban.  Eecond  fice-presidenl  Illiiioii  Central  Railroad  ; 
♦CBAHLEfi  W.  Bradley,  general  auperiniendent  West  Shore  Railroad ; 
•John  C   Kenly,  g^cnctal  manager  Allanlii:  Coast  line; 

♦  Jacob  J.  Frfly,  geiioia I  manager  AWIiiaonTopeknnnd  Sonlo-FA  Railroad; 
♦Theodore  Voorhees,  first  vice-pieaidenl  Pliiladelphia  and  Reading  Railroad  system. 

So-i'hem   Padfic  Railroad  (10.139  k.  [6,673  milles],  8  d*i.)  : 
C.  P.  Huntington,  president ; 
O.  1^.  Hilea,  secretary  of  (he  president; 
♦C.  E.  Bretherton,  agent  in  London; 

♦  E.  W.  Beiryman.  agent  for  Hleamship  lines; 
A.  N.  Towne,  tbird  vice-president  and  general  manager; 
JcLlDS  Krottscbnitt,  general  manager  Atlantic  B;sl«in  ; 
William  Habt,  general  auditor. 

Loid,rnU  and  yaihitilh,  Ratlway  (7,652  k.  [4.';55  miiles],  S  del.)- 
Pen-iylrania  Railroad  (6,387  k.  [3.967  milleB],  8  dtl.)  ; 

♦  Prank  Thomson,  6rst  vice-president ; 
♦James  HcCrea.  first  vica-president  Pennsytra 
♦Tbkodorb  N.  Ely.  chief  of  motive   power; 
♦James   L.   Taylor,  geiieriil  European  passeiijii 


;  West  of  Pillsburg; 
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JUinnis  Central  Railroad  (4,648  k.  [2,888  milles],  8  d^L)  • 

^Jamss  T.  Harahan*,  second  vice-president  (d^Idgu^  de  TAmerican  Railway  Association); 
#YV.  V.  Kehoe,  secretary  of  the  second  vice-president. 

Dmv^r  and  Rio  Grande  Railway  (2,668  k.  [1,654  milles],   8  dM.)  : 

#Okoroe  Goppell,   chairman  of  Board  of  directors; 
^Edw^bo  T.  Jeffery,   president; 

Chark^ks   C.  Beaman,   director  and  counsel; 

JoHM      LowBER  Welsh,    director; 

R.  T-  Wilson,  director; 

Hov%'A.RD  Gilliat,    London  agent. 

^€uy    York,  New  Haven  and  Hartford  Railway  (2,403  k.   [1,493  milles],  8  d^l.)  : 

^Cn^Ri-ES  P.  Clark,  president; 

^P.    S.  Curtis,  chief  engineer; 

^JoHM   Henney,  jun.,  superintendent  motive  power; 

4C.  H .   Piatt,  general  superintendent  New  Haven  system ; 

^E-  G.  Allen,  general  superintendent  Old  Colopy  system; 

4S.  A.  Gardner,  superintendent  Fall  River  line; 

4C.  C.  Elwell,  engineer  maintenance  of  way.  New  York  division; 

♦J-  G.  Parker,  secretary. 

Cleveland  Cincinnati  Chicago  and  Saint-Louis  Railway  (2,288  k.  [1,422  milles],  7  d61.). 
Chtsapeake  and  Ohio  Railwat/  (2,148  k.  [1,335  milles],  7  d6l.). 

Lehigh  Valley  Railroad  {{,132  k.  [1,076  milles],  6  d61.)  : 

#Cras.  Hartshome,  vice-president; 
^RollinH.  Wilbur,  general  superintendent; 
^Israel  W.  Morris,  general  land  agent. 

Nashville  Chattanooga  and  Saint-Louis  Railwatf  (1,547  k.  [961  milles],  6  d6l.)  : 

#J.  W.  Thomas,  jun.,  assistant  general  manager ; 
# James  Cullen,  superintendent  motive  power. 

New  York  Central  and  Hudson  River  Railroad  (1,318  k.  [819  milles],  5  d61.) 

Chauncey  M.  Depaw,  president; 
♦  H.Walter  Webb,  third  vice-president; 
4J0UN  M.  Toucey,  general  manager; 

William  Buchanan,  superintendent  of  motive  power  and  rolling  stock; 
♦Dudley,  engineer. 

New  York  Ontario  and  Western  Railway  (76S  k.  [477  milles],  4  d61.) 

♦Joseph  Price,  vice-president  and  director; 
4 Harry  Pearson,  director; 
4  Geo.  von  ChaUYiu. 

FUchbnrg  Railroad  (724  k.  [450  milles],  4  d6l.) : 

4 Henry  S.  Marcy,  president; 
4W1LMAM  L.  Chase,  director; 
4OBOROB  Hejrwood,  jun..  director; 

^IK  Gborob  Hey  wood. 
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Pittsburgh  and   Western  Railway  (407  k.  [253  milles],  3  d^l.)  : 

♦W.  H.  Addicks. 

Wilmington  and   Weldon  Railroad  (322  k.  [200  milles],  3  d^l.) : 
^JoHN  R.  Kenly*,  general  manager  (ddl^gud  de  rAmen'can  Railway  Association). 
Afobile  and  Birmingham  Railway  (262  k.  [163  milles],  3  dil.)  : 

^Thomas  Frame  Thomson,  director; 

♦  Sir  DouoLAs  Gallon,  K.  C.  B.,  F.  R.  S.,  R.  E.,  direclor; 

♦  Charles  Bullrn  Waller. 

We:it  Virginia  Central  and  Pittsburg  Railway  (245  k.  [152  milles],  3  d6l.)  ; 


♦C.  L.  BretZ,  general  manager. 
Richmond  Fredericksburg  ani  Potomac  Railway  (132  k.  [^2  milles],  3  d^l.). 

Arizona  and  South  Eastern  Railroad  (89  k.  [55  milles],  2  d61.)  • 
♦James  Douglas,  president. 
Los  Angeles   Terminal  Railway  (80  k.  [50  milles],  2  del.) ; 

♦  Gbo.   B.  Leighton,  president; 

D.  L.  Barnes,  consulling  engineer. 

Addison  and  Pennsylvania  Railway  (66  k.  [41  milles],  2  del.). 

France,  Algerie  et  colonies  'France,  Algeria  and  colonics). 

A.  —  France. 

Chemins  de  fcr  de  I'^tat  (2,743  k.,   8  d6l.)  : 

♦Bouchard,  president; 
♦Lax.  adniinistrateur; 
♦Benac,  secretaire  g^n^ral; 

♦  Matrot,  directeur; 

♦Bricka*,  ingenieur  en  chef  de  rexploitation  (rapporteur); 
♦Fouan,  ingenieur  en  chef  de  la  voic  et  des  b&liments; 

♦  Parent,  ingenieur  en  chef  du  materiel  et  de  la  traction; 

♦  Huguet,  ingenieur  en  chef  attache  a  la  direction; 

♦  Javary,  ingenieur  des  ponts  et  chaussdcs,   attache  a  la  direction. 

Chemins  dr  fcr  dc  Paris  d  Lyon  et  d  la  Mediterran^e  (8,607  k.,  8  del.)  : 

♦  Noblemaire*,  directeur  (mcmbre  dc  la  Commission  internalionale  du  Congr^s); 
♦Amiot,  ingenieur  en  chef  des  mines,  attach^  a  la  direction; 

♦  Rene  Picard;  chef  de  lexploitation ; 

♦  Berquet,  chef  de  I'exploitalion  adjoint; 
♦Luuyt,  sous-chef  de  I'exploitation  ; 

♦  Chaperon,  chef  de  la  3^  division  de   I'exploitation  ; 

♦  Baudry,  ingenieur  on  chef  du  matdriel  et  de  la  traction; 

♦  Mardchal,  ingenieur  principal,  chef  de  la  division  du  materiel; 
♦Kowalski,  ingenieur  du  service  central  de  la  traction; 


♦Auvert*,  ingenieur  attach^  au  service  central  du  materiel  (rapporteur). 
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Chemin  de  fcr  de  Paris  d  Orb^ans  (6,514  k.,  8  d«L) : 

^Bardonx,  administrateur; 
^Schneider,  administrateur; 

Vargd,  administrateur ; 
^Heurteau*,  directeur  (membre  de  la  Commission  internationale  du  Congr^s) ; 
^Pader,  chef  de  Texploitation,  ou,  k  son  d^faut,  Nigond,  chef  adjoint  de  lexploitation ; 
^Bridre,  ing^nieur  en  chef  de  la  voie; 
#  earlier,  secretaire  g^n^ral ; 

^Solacroup,  ing^nieur  ei  chef  adjoint  du  materiel  et  do  la  traction ; 
^G.  MicheL  attach^  au  secretariat  general ; 


^Sabouret*,  ing^niear  des  ponts  etchaussees.ingenieur  principal  du  service  central  de  la  voie  (rapporteur); 
^DB  Frdminville*,  inspecteur  du  materiel  roulant  (secretairerapporteor). 

Chemins  de  fet-  de  VOu^st  (5,261  k.,  8  del.)  : 

^Eow.  Blount,  administrateur; 
^Le  marquis  du  Lau,  administrateur; 

Marin,  directeur; 
^Clerc,  directeur  des  travaux; 
^Molsa,  ingeuieur  en  chef  de  la  construction; 
^Cldraolt,  ingenieur  en  chef  du  materiel  et  de  la  traction  ; 
^DB  Larminat,  chef  de  rezploitatioa  adjoiat: 
^Morandiere,  ingenieur  des  etudes; 

^Sauvage*,  ingenieur  en  chef  des    mines,  ingenieur  en  chef  adjoint  du  maten'el  et  de  la  traction 

(rapporteur)  ; 
^Demonlin*,  inspecteur  du  materiel  et  de  la  traction  (secretaire-rapporteur) ; 
^Visinet*,  agent  commercial  a  Londres  (secretaire-rapporteur). 

Chemins  de  fer  de  VEst  (4,727  k  ,  8  del.) : 

^PetSChe,  administrateur; 

^Le  marquis  D*Im6court,  administrateur; 

^Barabant*,  directeur  (membre  de  la  Commission  intermttionale  da  Congr^s); 

^  Weiss,  chef  adjoint  de  Texploitation  ; 

Pougdre,  chef  du  mouvement ; 
^Lancrenon,  ingenieur  en  chef  adjoint  du  materiel  et  de  la  traction; 
^Gerhardt,  ingenieur  de  la  traction; 
^Daiauz.  ingenieur  principal  de  la  voie. 

Chemins  de  fer  du  Nord  (3,650  k.,  8  del.) : 

^Leon  Say,  membre  de  I'lostitut,  vice-president; 

^Griolet*,  vice-president  (membre  du  comite  de  direction  du  Congres); 

Hottinguer,  administrateur; 
^Sire*,  agent  de  la  Compagnie  a  Londres  (secretaire-rapporteur); 
^Marie,  chef  des  services  administratifs; 
^Agnellet,  ingenieur  en  chef  des  ponts  et  chaussees,  ingenieur  en  chef  des  etudes  du  materiel  des 

voies  et  des  b&timents ; 
^De  Ponbonne,  ingenieur  principal  de  la  traction; 

^K6romnte,  ingenieur  principal  des  ateliers  des  machines  de  la  Chapelle  et  d'Hellemmes; 
^Anmont,  ingenieur  des  ponts  et  chaussees,  ingenieur  du  materiel  des  voies; 


Euo.  Sartianx^,  chef  des  services  eiectriques  (rapporteur); 


4&uillonx*,  dous  inspecteur  des  tcrviMS  adminisLratifj  (McrAlair*' rapporteur) ; 
•FavTe*.  c\ie(de  \a  gaK  mllrilirDe  de  Caloh  (secrd  to  ire-rapporteur). 
Chf-nin  dc  fcr  •!,•  Jfrrfl  (3,100  It.,  8  d6l,)  : 


♦Blagd.  direcleur; 

♦Manrer,  chef  de  Inploilalion : 

«Herdner,  ingtnieur  dn  service  central  du  mnUrJel  el  de  la  traclioa; 

^Choroa,  ingdnieur  en  cherde  U  voie  el  des  tigneH  nouvellw; 

HaUSSSr,  ingdnieur  en  chef  adjoint  de  In  voie  el  dea  lignes  noureiles; 
^Hoffre,  iiig^iiieur  dea  ponta  el  cliaus!i£c<.  iiig^nieur  principal  allncb^  i  la  dii-ecliou. 

Che.mn  de  ft,-  dt  Ctinture  de  Pari,  (HI  k.,  3  del  )  : 

Roaderar,  direcleur; 
Dubois,  >ou»-direcleur ; 
4Haaet.  ing^nieur  de  la  voie. 
Chemin  de  fer  de  I' Est  dc  Lyon  (9J  k..  2  d«l.)  : 


Chemini  de  fer  tconomigaei  {SocMi  giniralf  dct)  (I.ISO  k.,  5  d6l.)  : 
^Alhebt  EIIisBOn.  administraleur ; 

•  IvHiLELeTel,  directeur; 

•  Eii.\K^T  Plocq*.  inginieur  (rapporlcur) ; 
^OsoiiaEs  Level,  inspecteur  altachid  la  direction; 
*Hknii>  Vergd. 

Cftfnii.n  dc  fer  dipariemenlawr  (SSO  k,,  4  dil.)  : 
#Zeni,  aJminislraleur,  directeur; 
4Coste,  ing^nieur  en  chefadjaint  a  la  direction ; 

•  CheTSlier,  ing^nleur  en  chef  dea  Irataai  el  de  la  Burveillance; 

•  Alrebt  Zens,   secretaire  deb  direction . 

Chemini  de  fer  rfu  Sud  df  la  France  (540  k„  4  dil.)  : 

JosBpa  Gay,  prtsident; 

BBNd  Baolant,  adminiitraleur  d^l^ue; 

OlOKOM  Cerboland,  ing^nieur  adjoint  a  la  direction; 

•  Alfikd  Chasais,  iugftnieur,  directeur  local  dea  IramicafB  de  la  CAte-d*Or. 
Cheiniiu  de  fn-  feonomiguet  du  Knrd  (180  k.,  3  dtl.)  : 

«Kdcd*iid  Empain,  ndminialroteur  d^legud; 

•  Victor  Heitreit,  directeur; 

•  Anu.tND  BonOkrt,  ingSnieuren  chefdos  iludes  el  de  ki  construction. 
Chcmint  de  ffr  rdgionaux  da  Ooi.e/UJ-rfu-flftdie  (IIS  k..  3  dtl.) ; 
Paul  Wallersteill.  prdsident; 

Delamarre,  udmioiElrateur ; 

•  t^DouAiio  UK  Tras,  adminiitrateur. 

Chemin  dc  fee  dUntirM  local  rfu  dipirfgment  des  Laudei  (160  k  ,  3  d^l.) : 
Glaiier.  ingii'uieureiiclterdea  ])onL>  cl  cliausa^ea  , 
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♦Moffire*,  ing^nieur  dcs  ponts  et  chauss^es  (d6ldgu6  de  la  Gompagnie  du  chcmin  de  fcr  du  Midi  franfais) ; 
#Piot,  secretaire. 

Compagtiie  Mcusimnc  de  chenxtns  de  fer  (155  k.,  3  d6l.)  : 

♦Pattin,  president; 

^Gantier,  ancien  ei6ve  de  ri&:oIe  polytechnique,  administrateur; 

^Merceron,  ing^nieur,  directeur. 

Chemins  de  /<?>•  dxi  P^rirjord  (125  k  ,  3  ddl.) : 

Gaze,  pr^idenl; 
# Francois  Empain.  administrateur; 
De  Wandre,  directeur. 

SocUtA  dcs  votes  ferries  du  Dauphini  (58  k.,  2  d61.) : 

l^viiLE  Francq.  administrateur  d^i^gud; 
Leon  Devilaine,  ingenieur. 

Chemin  de  fcr  de  Saint-Quentin  d  Guise  (40  k  ,  2  del.)  : 

#  Jourdain.  administrateur,  directeur. 

Chcmin  de  fer  de  GuH  d  Menavcourt  (36  k.,   2  d6l.)  : 

^JuLKs  Gnyard,  president; 
#Rene  Guyard,  administrateur. 

Chemin  de  fer  de  Somain  d  la  fvonti&re  beige  (mines  d^Anzin)  (34  k.,  2  dd\.) : 


A .  Francois,  directeur  g^n^ral  ; 
DE  Forcade*  secretaire  gdn^ral. 

Chnnin  de  fcr  de  Fithiviers  (Loiret)  d  Toioy  (Enre-et-LfUre)  (31  k.,  2  del.) : 

L.  Ravenez,  president; 
^A.  Poidatz,  administrateur. 

Cficmins  de  fer  du  Calvados  (38  k.,  2  del.)  : 

^Orens.  ingenieur,  directeur; 
Benoit,  ingenieur,  chef  de  Texploitalion. 

Chetnin  de  fr  de  Chauny  d  Saint'Gobain  (16  k.,  2  del.) : 

Alfiikd  Biver.  directeur  general; 
#E    Jarriand,  sous-chefdu  secretariat  general. 

Chemins'de  fcr  a  roie  6troite  du  Midi  (10  k  ,  2  del.). 

B.    —    Al|$ci*le    (Alj{ca*lo). 

Chemins  de  fer  de  V Est  algirien  (887  k.,  4  del.)  : 

# Albert  DehajTIliB,  president; 

# Octave  Homberg.  administrateur; 

#Le  comte  Paul  Darrien,  administrateur; 

# Mayer,  ingenieur  en  chef  des  ponts  et  chaussees,  directeur. 

Chrmin  de  fer  de  B6nC'Gnehna  et  prolongements  (r^seau  algirien)  (794  k.,  4  del.)  :, 

Y  compris  lex  lignes  de  Tunisie  ;35S  k.). 

Dev^S,  president; 

Schlemmer,  administrateur; 
^Allain-Launey,  administrateur; 
#  Alfred  Kowalski*,  ingenieur  en  chef  du  service  central  de  Tesploitalion  (rapport^.ur) 
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Great  Eastern  Railway/  (1,672  k.  [1,039  millcs],  6  d4l.). 


^Lord  Claud  J.  Hamilton*,  chairman  (membre  de  la  section  anglaise) ; 

Col.  W.  T.  Makins,  deputy  chairman  ; 
♦Sir  H.  W.  Tyler,  director; 

♦  W.  Birt,  general  manager; 

-#F.  Gooday,  continental  traffic  manager; 
^  J.  Holden  locomotive  superintendent ; 
^J.  Wilson,  engineer. 

Great  Northern  Railway  (1,505  k.  [935  milles],  6  d6l.). 

The  Right  Hon.  W.  L.  Jackson,  M.  P.,  chairman; 
^Lord  Hindlip.  deputy  chairman ; 

-#Sir  Andrew  Fairbaim*,  director  (membre  du  comity  dc  direction  de  la  Commission  intcrnaliox: 
et  president  de  la  section  anglaise  du  Congr^s) ; 

F.  W.  Fison,  director ; 

R.  Wigram,  director; 
#Sir  Henry  Oakley*,  general  manager  (membre  de  la  section  anglaise); 
^R.  Johnson,  engineer; 
^P.  Stirling,  locomotive  engineer; 

♦  R.  H.  Twelvetrees*,  ciiief  goods  manager  (rapporteur). 

London  and  South  ^Vcstcrn  Railway  (1,416  k.  [880  milles],  5ddl.) : 

^\V.  S.  Portal*,  chairman  (membre  de  la  section  anglai^ie); 
#Lt.  col.  the  Hon.  H.  W.  Campbell,  deputy  chairman; 

Captain  J.   G.  Johnslon,  director; 

A.  Scott,  director; 

♦  Sir  Charles  Scotter*,  general  manager  (membre  de  la  section  anglaise); 

♦  C.  J.  Owens,  chief  goods  manager; 

♦  E.  Andrews,  resident  engineer. 

Lancashire  and  Yorkshire  Railway  (1,094  k.  [680  milles],  5ddl.)  : 

« 

♦  G.  J.  Armytage*,  chairman  (membre  de  la  section  anglaise); 

♦  \V.  Tunstill,  deputy  chairman; 

♦  H.  Bright,  ill  rector; 

♦  J.  H.   Stafford,  general  iranager; 

♦  J.  A.  F.  Aspinair,  chief  mechanical  engineer  (rapporteur); 

♦  C.  W.   Bayley,  secretary; 

♦  Wm.  Hunt*,  chief  engineer  (rapporteur) ; 

♦  W.  B.  Worthington  assistant  engineer. 

Manchester  Shr/J^eld  and  Lincolnshire  Railway  (1,014  k.  [630  mi  les],  5  del.)  ; 

The  Right  Hon.  the  Earl  of  Wharncliffe,  chairman; 

♦  Edward  Chapman   deputy  chairman; 

♦J.  Maclure*,  M.  P.,  director  (membre  dela  section  anglaise) : 

♦  William  Pollitt,  general  manager; 

♦  IIarhy  Pollitt,  locomotive  engineer; 

♦  Sir  Douglas  Fox. 

Grrat  Southern  and   Western  /Railway  (975  k.  [606  milles],  4  d6l.): 

♦  J.  C.  Colvill*,  chairman  (membre  d«  la  section  anglaise); 
^Kennett  Bayley,  engineer  in  chief; 
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HoBBRT  G.  Golhonn,  traffic  manager ; 
HsNKT  A.  lyatt,  locomotive  engineer. 

Oreat  Northern  Railway  (Ireland)  (842  k.  [523  milles],  4  d^l.) : 


Gray,  chairman; 
HOMAS  Robertson,  general  manager ; 
^W.  H.  Mills,  chief  engineer; 
^HsKHTPlews,  secretary. 

Olasgow  and  South  Western  Railway  (771  k.  [481  millesl,  4  dd.): 

^  Sir  Rbnnt  Watson,  chairman  ; 

Datid  Gnthrie,  deputy  chairman  ; 
^  David  Gooper»  general  manager  ; 
^WiLUAU  Melville,  civil  engineer. 

London,  Brighton  and  South  Coast  Railway  (767  k.  [477  milles],  4  del.)  : 

^  The  Right  Hon.  Lord  Gottesloe,  deputy  chairman; 

^K.  Jacomb-Hood,  director; 

♦The Right  Hon.  Sir  Arthur  Otway*,  Bart.,  director  (niembfe  de  la  section  anglaise); 

♦  Allbm  Sarle,  secretary  and  general  manager ; 

♦  Victor  Gerard*,  continental  traffic  manager  (secr6taire-rapporleur) ; 

Midland  Great  Western  of  Ireland  Railway  (743  k.  [462  milles],  4  d^l.) : 

Sir  Ralpb  SMrrR  Gusack,  chairman ; 
^Captain  Tuomas  James  Smytb,  director ; 
^Joseph  Tatlow,  manager ; 
♦WiLUAM  Georoe  Greene,  secretary. 

Highland  Railway  (701  k.  [436  milles],  4  d^l.) : 

South  Eastern  Railway  (679  k.  [422  milles],  4  dd.) : 

#$ir  Oborge  Russell*,  Barl.,  M.  P.,  chairman  (membre  de  la  section  anglaise); 

fl.  CosMo  0.  Bonsor,  M.  P.,  deputy  chairman; 

The  Right  Hon.  Lord  Hotbfield,  director  ; 

Col.  J.  J.  Mellor,  director ; 
4 Col.  C.  F.  Surtees,  director; 

4Sir  Mtles  Fenton*,  general  manager  (membre  de  la  section  anglaise); 
^Capt.  Gye*,  R.  N.,  agent  of  the  Company  in  Paris  (secretaire-rapporteur); 

♦  E.  Ujrtborck*,  agent  of  the  Company  in  Brussels  (secretaire-rapporteur). 

Cambrian  Rnlwaysifii^  k.  [331  milles],  4  del.): 

J.  P.  Buckley,  chairman ; 
♦C.  A.  Humphreys-Owen*,  M.  P.,  chairman  of  the  Montgomeryshire  County  Ccuncil,  director  (rap- 
porteur) ; 

Lord  Henry  Vane-Tempest,  director ; 
# Alfred  Aslett,  secretary  and  general  manager; 
#Oboroe  Owen,  engineer. 

Oreaf  Nonh  of  Scotland  Railway  (509  k.  [316  milles],  4  d^l.) : 

#Tbe  Earl  of  Kintore,  director ; 

#  W.  MofTatt,  general  manager  ; 

# Patrick  M.  Barnett,  engineer  in  chief; 

# WiLUAM  Pickersgill,  locomotive  superintendent. 
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Waterfovd  and  Limerick  Railu-gy  (451  k.  [2S0  milles],  3  d^l.)  : 

^ Percy  B.  Bernard,  chairman; 
^Lord  Arthur  Butler»  director; 

♦  John  J.  Murphy,  secretary. 

Belfast  and  Northern  Counties  Railway  (40 1  k .  [249  milles],  3  d^l . )  ^ 

Edward  J.  Cotton,  general  manager ; 

♦  Bowman  Malcolm,  locomotive  engineer, 

♦  Berkley  D.  Wise,  civil  engineer. 

North  Staffordshire  J^ailwai/  (309  k.  [192  milles],  3  del.) ; 

Thomas  Salt,  chairman  ; 

♦  W.  D.  Phillipps,  general  manager; 

♦  J.  G.  Crosbie-Dawson.  engineer; 

Great  Northern  and  Midland  joint  lines  Committee  (293  k.  [182  milles],  3  d61.)  ; 

♦  Sir  John  Fowler,  Bart.,  consulting  engineer; 

♦  Henry  Johnson,  continental  agent; 

Lord  DE  Ramsey,  director  Great  Northern  Railway. 

London,  Chatham  and  Dover  Railwaj/  (285  k.  [177  milles],  3  dil., 

♦  J.  S.  Forbes",  chairman  (membrede  la  section  anglaise) ; 

♦  \Vm.  Forbes,  continental  and  traffic  manager; 
♦John  Morgan,  secretary  ; 

♦  Capi    Churchward*,  agent  of  the  Company  at  Calais  (secretaire-rapporteur); 
♦Niessen*,  agent  of  the  Company  at  Cologne  (secretaire- rapporteur). 

Fmmess  Railway  (274  k.  [171  milles],  3  del.): 

♦  Henry  Gook,  secretary  and  manager; 

♦  F.  J.  Ramsden,  assistant  manager; 
Frank  Stileman,  engineer  in  chief. 

Cheshire  Linrs  Committee  (220  k.  [137  milles],  3  del.)  : 

F.'P.  Gockshott,  superintendent  of  the  line  Great  Northern  Railway; 

♦  J.  M.  Cook,  excursion  agent; 

♦  Colonel  Button   director,  Manchester,  Sheffield  and  Lincolnshire  Railway, 

Tuff  Yah-  Railway  (193  k.  [120  milles]  3  del.)  : 

Arthur  Edward  Guest,  chairman; 

R.  L.  Grant  Vassall,  deputy  chairman  ; 

♦  A    Beasley,  general  managei*. 

Great  Northern  and  Great   Eistern  Railway  Companies''  joint  Committee  (190  k.   [118  milles] 
SdeT)! 

Sir  Benjamin  Baker,  K.  G.  M.  G..  consulting- engineer; 
♦J.  H.  Nettleship,  superintendent  of  the  line  Groat  Eastern  Railway  ; 

Frank  C.  Shuttleworth,  director  G: eat  Northern  Riilwav. 

North  London  Railtvai/  (185  k.  [115  milles],  3  del.) : 

Oscar  Leslik  Stephen,  chairman ; 

The  Right  Hon.  David  Rohert  Plunket*,  M.  P.,  diiector  (deiegue  du  London  and  North  Western 
Railway). 

♦  Oeorob  Bolland  Newton,  general  managc^r. 
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miand  and  South  Western  Junction  Railway  (158  k.  [98  millesj,  3  d*l)  : 

4W.  E.  NicoLsoN  Browne,  deputy  chairman; 
4 Sam.  Fay,  general  manager; 
4FuNK  Dawes,  aoHcitor. 

Cor\  Bandon  and  South  Coast  Railway  (ioi  k.  [91  milles],  3  d^l.) : 

J. W.  Payne-Sheares,  J.  P.,  chairman; 
4 E.J  0\-B.  Croker, general  manager; 
^J.  R.  Kerr,  G  E. ,  permanent  way  engineer. 

Imdon  Tilbury  and  Southend  Railway  (131  k.  [81  milles],  3  d6l.)  = 

♦Abthcb  L.  Stride,  member  of  the  Institute  of  Civil  Engineers,  managing  director ; 

#H.  Ceql  Newton,  secretary ; 

♦Thomas  Whitelegg,  locomotive  superintendent. 

Belfatl  and  County  Down  Railway  (123  k.  [76  milles],  3  del.) : 

Thomas  J.  Brittain,  secretary ; 
Jambs  Pinion,  general  manager ; 
OsoaoB  P.  Cnlverwell,  engineer. 

Hull  Bamsley  and  West  Riding  Junction  Railway  (118  k.  [73  milles],  3  d*l.   i 

♦Lt.ool.  Gbkard  Smith,  chairman; 
♦Vincent  Walkbh  Hill,  general  manager; 
♦HArruw  Stirling,  locomotive  engineer. 

Rhynme.if  Railway  (ii6  k.  [72  milles]  3  d^l  ) : 

♦John  Boyle,  chairman ; 

4WfaiAM  Austin*,  deputy  chairman  (d^l^u^  du  chemin  de  fer  de  TEntre-Sambre-^t-Meuse); 

♦John  Hudson  Smith,  director ; 

4C0RNEUUS  Lnndie,  traffic  manager. 

Brtcon  and  Merthyr  Tydfil  Junction  Railway  (109  k.  [68  milles],  3  d*l.) : 

^HiNAT  Fbanos  Slattery,  chairman; 

WiLUAM  Bailey  Hawkins,  deputy  chairman ; 
^HuBEKT  RnTs.  Price,  secretary . 

East  and  West  Junction  and  Stratford-upon-Avon,  Towcester  and.  Midland  Junction  Railway 
(105  k.  [65  milles],  3  ddl): 
♦Thomas  Wilkins,  director; 
♦WiLUAM  Merrick,  general  manager ; 
♦J>  P.  Burke,  chief  engineer. 

Clo^ur  Valley  Railway  (83  k.  [52  milles],  2  d6l.) : 

♦Hugh  ok  Pellknbsbo  Montgomery,  J.  P.  D.  L.,  deputy  chairman; 
♦William  Irwin,  general  manager. 

Afetropolilan  Railway  (83  k.  [52  milles],  2  d6l.)  : 

J«  Bell,  managing  director ; 
0.  H .  VHlissell,  8ecre(ary . 

Neath  and  Brecon  Railway/  (64  k.  [10  milles],  2  d^l.)  : 

4J0HX  Evan  Griffith,  general  manager ; 
^Charles  Talbot,  secretary  and  accountant. 
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Metropolitan  District  Railway  (63  k.  [39  milles],  2  d^l  ) : 

^Alfred  Powell,  manager; 

^George  Estall,  engineer  and  locomotive  superintendent. 

Tralee  and  Dingle  Light  Railway  (60  k.  [37  milles],  2  d^l.)  i 

^R.  A.  Parkes,  manager; 
^George  E.  A.  Hickson,  engineer. 

Isle  of  Man  Railway  (56  k.  [35  milles |,  2  d^l.) : 

#G.  H.  Wood,  secretary  and  general  manager; 
^A.  W.  Rizon,  solicitor. 

Wrexham  Mold  and  ConnaKs  Quay  Railway  (56  k.  [35  milles],  2  d^l.) : 

The  Right  Hon.  Herbert  Gladstone, M.  P.; 
Stuart  Wortley,  Q.  C,  M.  P. 

Manchester^  She^eld  and  Lincolnshire  and  Midland  Railway  Joint  Committee  (^i  k.  [32  icillcp] 
2  d^l.). 

George  E.  Paget,  chairman  Midland  Railway ; 
# Alexander  Henderson*  director  Manchester,  Sheffield  and  Lincolnshire  Railway. 

Barry  Railway  (47  k .  [29  milles],  2  d6l.)  : 

# Thomas  Roe  Thompson,  director; 
# Richard  Evans,  manager. 

Rhondda  and  Swansea  Bay  Railway  (45  k.  [28  milles],  2  d^l.); 

Sir  John  J.  Jenkins,  chairman; 
Morgan  B.  Williams,  deputy  chairman. 

Liverpool  Overhead  Railway  (10  k    [6  milles],  2  d^l.): 

♦  G.  H.  Robertson,  director; 

^S.  B.  Cottrell,  M.  Inst.  C.  E.,  general  manager  and  engineer. 

Mersey  Unihcay  (6  k.  [4  miller],  2  d^l.)  : 

Alhert  Okorge  Kitching,  chairman  ; 

♦  Francis  Fox,  director. 

Citu  a)id  South  London  Railway  (5  k.  [3  milles],  2  del.): 

♦  Thomas  G.  Jenkin,  general  manager; 

♦  Basil  Mott,  engineer. 

B.   —   Empiro   dea   Indea   et   Colonic*  (India   and    Coionleo). 

Btst  Indian  BaHway  (2,927  k.  [1,819  milles],  8  M.) : 

♦  Lieutenant-general  R.  Strachey,  R.  E. ,  G.  S.  I.,   L.  L.  D.,  chairman  ; 
Bazktt  W.  Colvin,  deputy  chairman ; 

Sir  James  L.  Mackay,  K.  G.  S.  E.,  director; 

Sir  Alkxander  M.  Rendel,  K.  C.S.  E.,  consulting  engineer; 

♦  W.  S.  Rendel,  consulting  engineer; 

♦  F.  E.  Robertson,  G.S.E.,  chief  engineer; 

♦  J.  M.  Rutherford,  general  traffic  manager; 

H.  C.  Arbnthnott,  locomotive  assistant  to  consulting  engineer. 
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Atlantic  and  Lake  Supe^nor  Railway  (1,778  k.  f  1,105  milles],  6  d6L)  : 

#Chaa.  Newhouse  Armstrong,  managing  director  ; 

#i^AB  N.  Armstrong,  secretary ; 

#^M.  Bornside,  agent  general  for  the  United  Kingdom. 

Bm^l  and  North  Western  Railway  (1,217  k.  [716  milles],  5  d61.)  : 

Lieat.-General  G.  H.  Dickens,  G.  S.  I.,  chairman; 
♦D.  J.  Robertson,  deputy  chairman ; 

Q.  Christian,  director; 

0.  W.  Allen.  G.  I.  E.,  director; 
^LieaL-Goionei  E.  L.  Marryat,  secretary. 

(Mec Central  Railway  (246  k .  [153  milles],  3  d6l.) : 

^Edward  Dent,  president ; 
^ Edmund Etlinger,  director; 

♦ALix4XDERBremner,  director. 

Tictoria  Sidney  Esquimaux  and  Nanaimo  Railway  of  Canada  (159  k.  [99  milles],  3  d6l.)  : 

Lieut -col.  Kane,  agent  general. 

yjctoria  Government  Railways  (4,312  k.  [2,679  milles],  8  d6l.). 

Cape  Government  Railways  (3,988  k.  [2,478  milles],  8  d6l.). 

AVtp  South    Wales  Government  Railways  (4,073  k.  [2,531  milles],  8  dM.) : 

^Edward  Millbr  Gaed  Eddy*,  Chief  Commissioner  of  the  New  South  Wales  Government  Railways 

(d^l^i  du  gouvernement  de  la  Nouvelle  Galles  du  Sud). 
^Padl  Bedford  Elwell,  electrical  engineer  of  the  New  South  Wales  Government  Railways. 

Seuf  Zealand  Government  Railways  (3,008  k.  [1,869  milles],  8  d61.). 
South  Australia  Government  Railways  (2,680  k.  [1,666  milles],  8  del.). 
Tasmania  Government  Railways  (676  k.  [420  milles],  4  d6l.). 
Natal  Government  Railways  (639  k.  [397  milles],  4d61.). 

Orece  (Greece). 

Chemins  de  fer  de  Pirie-Athdnes-Piloponise  (553  k.,  4  d^l.) : 

4Auo.  Gillon,  ing^nieur ; 

G(W8T.  D.  NiCOlaidi,  ing^nieur; 
fAiTBUR  AlTim*.  ing^nieur  (d^l^ue  du  cliemin  de  fer  Central  de  la  R^publique  des^tats-Unis  du  Br^sil). 

Chembis  de  fer  de  Thessalie  (%Qi  k.,  3  d61.). 
Ckemins  de  fer  dAttique  (76  k.,  2  d6l ). 

ItaUe  (Italy). 

Chemins  de  fer  Miridionaux  (riseau  de  VAdriatique)  (5,513  k.,  8  d^l  )  : 

Borgnini*,  ing^nicur,  directeur  g^n^ral  (membre  de  la  Commission  internationale  du  Congr^s); 
^Le  baron  Charles  db  Bottini,  ing^nieur,  chef  du  secretariat  g^n^ral; 
CBAtua  Ricchiardi,  ingtoieur,  chef  de  division  au  service  de  la  traction  ; 
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^  Louis  Alzona,  ing^nieur,  chef  du  nenrice  da  mouremenl  et  du  trafic; 

^Ansano  Gajo,  ingdnieur,  chef  du  service  de  Tentretien; 

^Hbnry  Plancher,  ing^nieur,  sous-chef  du  service  du  materiel ; 

# Henry  Cairo,  ingdnieur,  chef  de  division  au  service  du  mouvement  et  du  trade; 

^  Victor  Bavastro.  inspecteur  central,  agent  commercial  a  I'Mranger; 

^Eugene  Randich,  ing^nieur,  chef  de  section  principal  au  service  de  Tentretien. 

Chemins  de  fer  de  la  Mdditerrande  (5,225  k. ,  8  d6l .) : 

Massa*,  ing6nieur,  directeur  general  (membre  de  la  Commission  internationale  da  Coogr^); 

Ralti,  ingenieur,  vice-directeur  gdn^ral ; 
^Kossuth,  ingenieur,  directeur  de  Texploitation  du  deuxidme  compartiment; 
^Mantegazza,  ingenieur,  directeur  de  I'entretien  ; 
^FresCOt,  ing6nieur,  directeur  du  materiel; 

^Gornetti,  ingenieur,  chef  de  la  traction  du  premier  compartiment ; 
^Lampugnani*,  chefdu  trafic  et  du  mouvement  du  premier  compartiment  (membre  de  la  Comir 

internationale  du  Congres) ; 
^  Jean  Ferrari,  ingenieur,  chef  de  Tentretien  du  deuxieme  compartiment; 
^Colombo,  ingdnieur,  chef  de  divisional  la  direction  gdn^rale  ; 
^E.  Braschi,  chefdu  contentieux. 

^Scolari*,  docleur  en  droit,  chef  de  division  a  la  direction  g6n6rale  (rapporteur); 

^Rocca*,  ingenieur,  inspecteur  de  la  direction  g^n^rale  (rapporteur) ; 

^Zanotta*,  ingenieur,  chef  de  section  au  service  de  lentretien,  surveillance  et  travaux  (rapporteu 

Chemin  de  fer  de  la  Sicile  {iMO  k.,  5  d6l.)  ; 

^Roberto  VarvarO,  administrateur; 
Lktterio  Bonanno,  administrateur; 
^Le  comte  Miglioretti,  administrateur; 

^Enrico  Scialoja,  secretaire  g^n^ral  du  conseil  d'administration  ; 
^Charles  Grillo,  commissaire  de  la  Society. 

Chemius  de  fer  sardcs  (413  k.,  3  d6l.)  : 

^Epaminonda  Segre,  administrateur; 

♦  Francis  George  Whitwham,  administrateur ; 

♦  Luioi  Conti  VeCChi,  ingenieur,  directeur. 

Clicmins  de  fcr  du   Trssin  (265  k.,  3  del.)  : 

I^DOUAHD  Despret*,  president  (delegu^  du  chemin  de  fer  de  Tftlst  beige); 

♦  Ulisse  Hennebuisse,  directeur  de  I'exploitalion ; 
♦Joseph  Carlier,  ingenieur. 

Chemin  de  fer  du  Nord  de  Mllnn  (227  k.,  3  del.)  : 

♦  A.  Vaucamps,  administrateur; 

♦  Charles  Tbonet,  ingdnicur,  directeur; 

♦  CftsAR  Rognoni,  ingenieur,   inspecteur  du  service  des   voies  et  travaux. 

Chemins  de  fcr  de  la  Sidle  occidentalc  {Paler me-Martala-Trapani)  (200  k.,  3  d61.) : 

♦  Felix  Karo,  administrateur; 

♦  G.  RobbO,  administrateur  d^l^gu^; 
♦JuLKS  Gottrau,  chefdu  secretariat. 
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Chemins  de  fer  secondaires  de  la  Sardaignc  (600  k.,  4  d6l.). 

fEoQKMi  PoUone,  secretaire  d'adminiftkralioa ; 
fCfliiiLBS  Bnsser,  ing^nieur  des  constructions ; 
4 Victor  Franzi,  ingenieur  des  constructions  ; 
^Carlo  Esterle,  ingenieur,  inspecleur. 

Sodm  vhiilienne  pour  enireprises  ct  constructions  publiques  (572  k.,  4  dil.)  '• 

^Enrico  CaYO,  avocat,  administrateur ; 
^Bartholombo  Loleo,  avocat,  administratear; 
Fbrdinando  Locatello,  ing^nieur,  directeur  de  I'exploitation. 

Chemin  de  fer  de  FApennin  central  (135  k.,  3  d^l.)  i 

♦Adoustb  Moyanx,  administrateur  ddl^gu^ ; 
^Alr^ig  Van  Overbeke,  ing^nieur  principal ; 
Leon  Koyanx,  ing^uieur. 

Chemin  de  fer  de  Suzsara-Fe^'rara  (80  k.,  2  ddl.)  : 

4A.  Spasciani,  ing^nieur,  pr^ident ; 

4AcHiLLB  ZaYanella,  ing^nieur,  administrateur. 


♦Tera*,  directeur  (rapporteur). 
Chmin  de  fer  de  ReggiO'Emilia  (71  k.,  2  d^l.)  : 

♦Le  D'  Antonio  Toso,  adnainistrateur ; 
^ViTTORio  Rol»  administrateur. 

Chemin  de  fer  de  Sassuolo-Modcna-Mirandola  e  Finale  (69  k.,  2  d61.)  t 

4 Leonardo  Loria,  ingdnieur,  administrateur ; 
4PjiCi7ico  Levi,  avocat,  secretaire  du  conseil. 

Chemins  de  fer  sccondaires  remains  (67  k.,  2  d6l.)  : 

^Guiuo  NaYOne,  avocat,  administrateur; 

♦Giovanni  Strambio  de  Casiillia. 

Chemins  de  fer  ^conomiqucs  de  Bari'Darletta  ct  extensions  (65  k.,  2  del.)  : 

C.  Blanchart,  ing^nieur,  secretaire ; 
♦J.  Borel,  ingenieur,  directeur. 

Chemin  de  fer  de  Cr6mone-Mantoue  (63  k.,  2  del.). 

Chemin  de  fer  Central  et  tramways  du  Canavise  (59  k.,  2  del.)  : 
^Adolphe  Pellegrini,  ingenieur,  administrateur  deiegud. 

Chemin  de  fer  de  Turin- Pignerol- Torre- Pellice  (55  k.,  2  del.) : 
^CaSSinis,  ingenieur; 

♦Pacci- Bandana,  ingenieur. 

Chemin  de  fer  de  Nnples-Ottaiano  (50  k.,  2  del.)  : 

^Antonio  Gattoni,  administrateur; 
^Ano&lo  BaseYi,  ingenieur,  administrateur. 

Chemin  de  fer  de  Chivasso  d  Ivrea  (33  k.,  2  del.)  : 

^Melchior  Pulciano,  ingenieur; 
^Prosper  PeyrOQ,  ingenieur 
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Chemin  de  fer  de  Modena  Vignola  (26  k.,  2  d61.)  : 

^Angelo  Guastalla,  avocat,  president,  administrateur  d^l^gii^; 
^Emile  Greiner,  administrateur. 

Chemin  de  fer  de  Colle  de  Val  d^Elsa  Poggihonsi  (8  k.,  2  d6l.)  : 

ViTTORio  Finzi,  president ; 
^Fernand  Gourtois,  administrateur. 

Ti^amways  d  vapeuv  iiiterprovtnciaux  de  Milan" Bergame'Cr6mone  (164  k.,  3  dil.)  ; 

Isaac  Stem,  administrateur; 
^Maes,  ingenieur,  directeur  du  chemin  de  fer  de  Valle  Seriana  et  du  tramway  de  Bergame-Soncino ; 
^Marsal,  ing^nieur,  directeur  des  chemins  de  fer  ^onomiques  du  Biellais. 

Tramways  (i  vapeuv  pi 6montais  (160  k.,  3  dM.)  : 

^Charles  Dupuich,  administrateur; 
^Georges  Sassen,  directeur  gdrani ; 
^Gustave  Boty,  ing^nieur. 

Soci^U  anonymc  nationale  de  tramways  et  de  chemins  de  fe^"  (136  k,,  3  d^l.)  : 

Le  baron  Constanzo  Gantoni,  president; 
J.  Rusconi-Clerici,  ing^nieur,  administrateur; 
^Adolphb  Nathan,  ing^nieur. 

Tramway  d  vapcur  de  Biella  d  Vercelli  (112  k.,  3  d6l.)  : 

^  Val^re  Mabille,  president ; 

# Henry  Sepulchre,  inspecteur  g^n^ral; 

# Charles  Roberti,  secretaire  de  Tinspection  g^n^rale. 

Tramways  siciliens  (71  k.,  2  d6l.)  : 

Luqen  Guinotte,  s^nateur^  president ; 
♦Ropsy-Ghaudron,  administrateur. 

Tramways  et  chemins  de  fer  6conomiques  de  Borne,  Milan,  Bologne,  etc.  (69  k.,  2  d^l.)  : 

Emilb  Steens,  administrateur  d^ldgu^; 

^L^oN  Vankeerberghen,  administrateur. 

Tramways  a  vapenr  de  la  province  d  Alexandrie  (69  k.,  2  d^l.) : 

^GusTAVE  Melotte,  administrateur; 
#AiMB  Pacco,  ingdnieur,  administrateur. 

Tramways  de  Turin  (65  k.,  2  d6l.)  : 

#J.  Jacobs,  ing^nieur,  president,  administrateur  de  la  Society  g^n^rale  de  chemins  de  fer  teo 

miques ; 
^Arthur  Gruslin,  ing^nieur,  directeur. 

Tramways  d  vapeur  de  la  province  de  Turin  (62  k.,  2  d^l.)  : 

^GuiDo  BoUero,  administrateur; 
^Paul  Amoretti,  directeur. 

Tramways  d  vapeur  des  provinces  de  V^rone  et  Vicence  (57  k.,  2  dil.)  : 

^J.  B.  Alessi,  administrateur; 
^E.  Wallaert,  administrateur. 
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Tramioays  de  la  province  de  Florence  (45  k.,  2  d^l.)  : 

^Cbsare  Cesaroni,  administrateur ; 
^Albssandro  Panzarasa,  ing^uieur  ^lectricien. 

Tramways  florentint  (44  k.,  2  d61.)  : 

^Le  baron  Albert  db  Fierlant,  ing^nieur,  chef  de  service  de  rezploitation  k  la  Soci^t^  g^n^rale  de 

chemins  de  fer  dconomiques ; 
4  Albert  Van  der  Straeten,  ing^nieur,  chef  de  service  des  voies  et  travauz  a  la  Soci^U  g^n^rale  de- 

chemins  de  fer  ^conomiques. 

Tramways  d  vtipeur  ct  chemins  de  fer  iconomiques  de  la  province  de  Pise  (41  k.,  2  d^I.)  ^ 

4 P.  Bensdetto  Rognetta,  ing^nieur,  lieutenant-colonel  d*artlUerie,  president ; 
^EiQLi  Rognetta,  avocat,  secretaire  de  la  pr^sidence. 

Tramtoays  napolitains  (15  k  ,  2  d^l.)  : 

4C.  Briconrt,  administrateur; 
♦E.  Vilers,  directeur. 

^nion  des  chemins  de  fer  italiens  d'intSrSt  local  (522  k.,  4  d61.)  : 

^Ambrooio  Campiglio*,  pre^^ident  (membre  de  la  Commission  interna tionale  du  Congr^s); 

^68aro,  vioe-prtoident  du  chemin  de  fer  Suzzara-Ferrara,  membre  du  comity  de  TUnlon ; 
iCamis,  ing^nieur,  membre  du  comity ; 

Augusts  Ferrari,  president  du  chemin  de  fer  de  Novara-Seregno. 

Atsociation  des  tramways  italiens  (500  k.,  3  d6l.)  : 

0.  Bianchi,  ing^nieur,  president; 
#E.  Radica,  ing^nieur,  vice-president; 
4 J.  G.  Kessels,  ing^nieur,  secretaire  general. 

Luzembonrg  (Lnzemborg). 

Chemins  de  fer  Chiillaume- Luxembourg  (257  k.,  3  del.)  : 

^ToNT  Dntreux*,  administrateur  (membre  de  la  Commission  Internationale  du  Congres); 
^Hauricb  Letellier,  representant  de  la  Societe  a  Luxembourg; 
J.  E.  Van  de  Wynckdle,  secretaire  du  conseil. 

Chemins  de  fer  et  Miniires  Prince  Henri  (163  k.,  3  del.)  : 

^ Jules  Wilmart,  administrateur; 
J.  B.  Dapont,  ing^nieur,  directeur; 
E.  Diderich,  iaspecteur  chef  de  service. 

Meziqne  (Mezioo). 

Chemin  de  fer  de  Hidalgo  et  Nord-Est  (210  k.,  3  del.)  : 

Vorvege  (Horway). 

^Chemins  de  fer  de  V£tat  (1,510  kil.,  6  del.) : 

♦C.  Plhl*,  directeur  pour  le  departement  de  construction  (deiegue  du  gouvernement  norvegien) ; 
C  E.  Krefting*,  directeur  pour  le  departement  de  I'exploitation  (id.). 

Chemin  de  fer  de  Christiania  d  Eidsvold  (Norsk  Hoved  Jembane)  (68  k.,  2  del.). 
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Fays-Bas  (Holland). 

A.  —  Continent* 

Chemins  de  fer  de  Vl^tat  n^erlandais  {SocUU  pour  V exploitation  des)  (1,567  k  ,  6  d^l.) : 

J.  H.  Niyel.  secretaire ; 
^S.  E.  Haagsma,  chefde  division  du  service  de  la  traction  e(  du  materiel; 
^H.  A.  Perk,  menibre  de  la  Commission  militaire  permaneote  des  chemins  de  fer; 
^H.  Spanjaard,  inspecteur  principal. 

Chemin  de  fer  Hollandaia  (1,219  k.,  5  d^l.)  : 

R.  VAN  Hasselt,  administrateur  d^I^u^; 

N.  H.  Nierstrasz,  ing^nieur,  chefde  Tex  ploitation; 
^J.  A.  Roessing  van  Iterson,  ing^nieur  en  chef  de  la  traction  et  du  materiel; 
^De  Bruyn.  ing^nieur  en  chef  des  voies  ei  travaut. 

Chemin  de  fer  Central  u^erlandais  (102  k.,  3  d6l.)  : 

^  J.  W.  Verloop,  ingdnieur  mdcanicien. 

Chemin  de  fer  Brabant  septentrional  allemand  (101  k.,  3  del.) : 

J.  M.  Voorhoeve,  pr^ident-directeur ; 
J.  B.  Zelis,  directcur. 

Tramways  nicrlandais  (94  k.,  2  del.) : 

^S.  Hamelink,  directeur; 
^K.  Van  Rijn,  commissaire. 

Tramways  d  vapcxir  de  Breskens-Maldeqem  (36  k.,  2  dd.)  : 

♦  Gerritsen,  president; 

^Schotel,  commissaire. 

B,  --  Colonle*. 

Chemins  de  fe**  de  Vl&tat  aux  Tndes  nierlandaises  (1,147  k.,  5  d61.) 

Compagnie  n^erlandaise  Slid  -  Africaine  d^  chemins  de  fer  (730  k.,  4  d61.)  : 

R.  W.  J.  C.  VAN  DEN  Wall  Bake,  directeur; 

J.  A.  VAN  Kretschmar  van  Veen,  administrateur. 

Chemins  de  fer  des  Indes  n^erlandaises  261  k.,  3  ddl.) : 
^G.  F.  Lucardie,  administrateur. 
Chemins  de  fer  de  V Est  de  Bataria  (.57  k,,  2  d6l.). 

Peron  (Peru). 

Lima  Railway  (32  k.  [19  1/2  milles],  2  d6l.)  : 

♦Colonel  Lawrence  Heyworth,  J.  P.,  chairman  and  director; 

♦  Sir  Henry  Gartwright,  J.  P.,  director. 

Perse  (Persia). 

Chemins  de  fer  et  tramways  en  Perse  (9  k.,  2  del.)  : 

♦  Fern  AND  Guillon,  administrateur  d^l6gu^; 
GiUet,  chef  de  la  comptabilite. 


GENERAL  LIST  OF  DELEGATES.  39 


FortngaL 

A.  —    Continent. 

Chemins  de  fer  de  V£tat  (816  k.,  4  d^L)  : 

•^G^Ddral  Jose  Joaqoim  de  Paiva  Cabral  Gouceiro,  ing^nieur  inspecieur; 
^Le  conseiller  Joaquim  Pibbs  db  Souza  Gomes,  ing^nieur  inspecteur; 
^Antonio  Josi  Antunbs  NaYaiTO,  ing^nieur  en  chef  de  !»"«  classe; 
^  Pedro  Romano  Fol<Iue,  ingdnieur  en  chef. 

Chftnins  de  fer  portugais  (Compagnie  royale  des)  (1,023  k.,  5  d^l.)  : 

H.  K,  Boyer,  administralcur,  directeur; 

Bf  anubl  a.  u*E8pregiieira»  ing^oieur  conseil ; 

Antonio  db  Vasconcellos  PortO,  ingtoieor,  chef  de  la  construction ; 
4J0A0  Febreiha  de  Mesquita,  ing^nieur  adjoint  da  service  du  materiel  et  de  la  traction; 
^Antonio  Carrasco  Bossa,  ingdiiieur  adjoint  du  service  de  Texploitation. 

Chemin  de  fer  de  la  Beira-AUa  (253  k.,  3  ddl.) : 


Henry  Darangel,  administrateur  d^l^^; 

Leon  Drooin*,  inspecteur  g^n^ral  (d^lcgue  du  cliemin  de  fer  de  Medina  del  Campo  a  Salamanca); 

Le  comte  de  Gouvda,  directeur. 

Chemins  de  fer  portugais  (Compagnie  nationale  dcs)  (101  k.,  3  dM.)  : 


#Jos^  Mbsquita  da  Rosa,  president; 

4Le  D*"  Antonio  Jos^  Gomes  Lima,  directeur; 

4 Manuel  Emtqdio  da  Silvai  ing^nieur  conseil  de  la  Compagnie. 

B,  —  Colonies. 

Chemins  de  fer  de  V£tat  (451  k.,  3  del.)  : 

^Antonio  Arthur  da  Costa  Mendes  du  Almeida,  capitaine  du  g^nie; 
^Anoblo  db  Sarrea  Prado,  ing^nieur  civil; 
^Antonio  Maria  de  AYellar,  ing6nieur  civil. 

Roomanie  (Eoumania). 

Chemins  de  fer  de  t&tat  (2,390  k.,   7  d61.)  : 

^Daca*,  profeaseur  a  F^cole  des  ponts  et  chaussdes  de  Bucharest,  directeur  g^ndral  (membre  de  la 

Commission  Internationale  du  Congr^s,  rapporteur  et  del6gu6  du  gouvernement  roumain); 
^Ch.  Drago*,  chef  de  service  des  ateliers  et  du  mat6riel  (dcl^gu^  du  gouvernement  roumain); 
♦A.  Gafenco*,  chef  de  service  (id.); 
♦A.  Gottesco*,  chef  de  serrice  (id  ); 
^C.  Manesco*,  chef  de  service  (id.); 
^A.  Saligny*,  chef  de  service  (id.). 

Rossie  (Eussia). 

Chemins  de  fer  de  V  Btat :  Lignes  Sud-Ouest  russes  (2,920  k.) ;  lignes  de  Saint-P6tersbourg  a  Varsovie 
(1,288  k.),  Nicolas  (645  k.),  de  Pol6ssi6  (1,507  k.),  de  Samara-Zlatooust  et  d'Orenbourg  (1,504  k.), 
de  Sjrxrane-Viawna  (1,368  k.),  de  Libau-Romnj  (1,271  k.),  de  Catherine  et  de  Doneti  (1,216  k.).  de 
Kharkoy-Nicolaw?(i,099k.J,d'Oural  (l,085k.),deTranscauca8e(l,047k.),de  la  Baltique,  de  Pskor- 
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Riga  et  du  port  de  Saiot-Petersbourg  (1,034  k.),  de  Riga-Orel  (1,028  k.),  de  Moscou-Koursk  el  de 
Moscou-Nijni  (991  k.),  de  Koursk-Kharkov-Azov  (815  k.),  de  Lozovo-S^bastopol  (686  k.)  de  Varsovie- 
T^respol,  de  Brest-Kholm,  de  Sedletz-Malkine  et  de  Narev  (535  k.).  de  Rjev-Viazma  (124  k.)*  de 
Mourom  (114  k.),  de  Baskountchak  (77  k.),  de  Riga  Toukoum  (58  k.),  de  Joukovo-Akoulitsk  (45  k.)» 
8  +  5+4+6  +  6+  5  +  5  +  5  +  5  +  5  +  5+5+5+  4  +  4  +  4  +  4  +  3 
+  3  +  2+2  +  2  —  97  d61dgu6s.       ' 

Administration  centrale  : 

Paul  Wassilevsky,  ing^nieur,  president; 
^Nicolas  AntOChine,  ingdnieur; 

^Albzandrb  Plakida.  ing^nieur,  chef  de  la  section  technique; 
^Sbroe  6rigorie£f,  ing^nieur; 

^Nicolas  B^l^lubsky,  ing^nieur,  professeur  k  I'Institut  imperial  des  iog^nieurs  des  voies  de  com- 
munication, membre  du  conseil  des  ingdnieurs  au  ministdre  des  voies  de  communication ; 
^Nicolas  Reitlinger,  secretaire  a  Tadministration  de  la  caisse  de  retraite. 

Lignes  Siid-Oitest  russes  : 

^Abthur  D'Abramson,  ing^nieur,  chef  du  bureau  technique  du  service  de  la  voie  et  des  b&timents; 
^Maximilibn  Filonenko,  ingdnieur,  chef  du  bureau  du  service  du  mouvement; 
#James  p.  Maginnis,  ing^nieur. 

Liffne  de  Saint- Pitershourg  d   Varsovie : 

^Paul  Rizzoni,  ing^nieur,  g^rant  des  ateliers  principaux ; 
^J.  Richter*,  adjoint  du  direcleur  (rapporteur). 

Ligne  Nicolas: 

^Joseph  TourtseYitZ,  ing^nieur  en  chef  du  service  de  la  voie  et  des  b&timents. 

Ligne  de  PoUssi4  : 
#  Serge  Batchmanoff,  ing^nieur  pour  missions  sp^iales. 

Ligne  de  Sysrane-Viazma : 

Pierre  Doumitrachko,  iug^nieur  en  chef  du  service  de  la  voie  et  des  b&iiments. 

Ligne  de  Libau-Romny  : 


#VoLDEMAR  Grossman,  ing^nieur  en  chef  du  service  du  materiel  roulant  et  de  la  traction. 
Ligne  de  Kharkov-Nicola)'er  .- 

^Nicolas  Baldak,  ing^nieur  en  chef  du  service  du  materiel  roulant  et  de  la  traction. 

Ligne  du  Trnnscaucase  : 
^Nicolas  Alfonsky,  ing^nieur  en  chef  adjoint  du  service  de  la  voie  et  des  b&timents. 

Ligne  de  la  Daltigue,  de  Pfhov-Riga   et  du  port  de  Saint- P iter shourg  : 

^Demetrius  Ivanoff,  ing^uieur  en  chef  du  service  de  la  vole  et  des  bfttiments. 

Ligne  de  Moscou-Koursk  et  de  Moscou-Nijni : 
#  Nicolas  Chaufus.  ing^nieur. 

Ligne  dc  Varsovie- Terespol,  de  Brest-Kholm.  de  Sedletz-Malkine  et  de  Narev : 
^Simeon  Skl^vitzky,  ing^nieur,  chef  du  service  du  mouvement. 

Ligne  de  Riga-Orel: 

M.  P6r6YOznikoff,  ing^nieur  en  chef  du  service  du  materiel  roulant  et  de  la  traction. 
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Chemins  de  fer  de  VEtai  de  Finlande  (2,098  k.,  7  d6l.) 

•^Nordman,  directeur  de  la  traction ; 
^Frostems,  sous-directeur  de  Tentretien ; 
-^Niklander,  sous-directeur  du  traflc; 
'^EngstrOm,  sous-directeur  de  la  traction. 

Chemin  de  fer  militaire  transcaspien  (1,433  k.,  5  d6l.). 

[    Ltgne  Kosloc-Voronige-Rostov  (853  k.,  4  del.). 
Chemim  de  fer  Sud-Est      J   X>»jyw<g  Griazi-Tsaritgyne  (746  k.,  4  d*l.). 
russet.  ]   Ligne  Orel-Griasi  (308  k.,  3  d6l.). 

[    Ligne  de  Livny  (61  k.,  2  d^l.). 
^Basilb  Wr^densky,  ing^nieur,  directeur-administrateur. 

'    Ligne  de  Riazane-Saratov)  832  k.,  4  ddl.)  : 

J.  E.  AdadourOY,  president; 
M.  P.  Verschowsky,  directeur; 
M.  P.  F6doro£f,  directeur; 
W.  P.  Zonroflf,  directeur. 


Chemins  de  fer  de  Riazane- 


Ligne  de  Tambov- Kamichine  (475  k.,  3  d6l.)  : 


A.  A.  Pomeranzo£f,  directeur-candidat; 

Onralsk.  \    N.  N.  Isnav,  agent  du  service  de  commerce. 

Ligne  de  Pokrovsk-Ouralsk  (423  k.,  3  d6l.) : 

♦  D.  P.  Kandaouro£f,  g^rant  de  la  Compagnie; 
IC.  N.  Lazarew-Stanistchew,  ingdnieur  en  chef. 

Ligne  de  Rtistchevo-Serdohhsk  et  Atkarsk-Pelrovsk  (173  k.,  3  del.) : 

A  A.  Dobrowolski.  chef  de  Texploitation ; 
\    S.  W.  Ignatius,  chef  du  bureau  technique. 

Chemin  de  fer  de  KievVorondge  (1,768  k.,  6  del.) : 

N.  L.  Marko£f,  president ; 

A.  J.  Ghennert,  administrateur  ; 
^S.  A.  Erine,  administrateur; 

J.  A.  Likhatchey,  administrateur  supploantet  chef  du  service  commercial; 
^S.  J.  Sack,  ing^nieur  technologue  ; 
♦  D.  S.  Ivachinzoff,  agent  de  la  Soci^t^. 

Chemins  de  fer  de  Vladicaucase  (1,298  k.,  5  del.) : 

^S.  Kerbedz,  ing^nieur,  president; 
^R.  Salome,  ing^nieur,  chef  du  bureau  d'exploitation; 
^D.  Okouiitch,  ing^nieur,  chef  de  I'exploitation ; 
^S.  Tchenrinsky,  ing^nieur,  directeur  des  ateliers  m^caniques; 
v.  Goloubieff,  ing^nieur. 

Chemins  de  fer  de  Moscoii-Brest  (1,100  k.»  5  d6l.)  : 

♦Krapi£fka,  president ; 

Warscbavsky,  administrateur ; 
^Emii.e  Danischewski,  chef  de  division  du  commerce  et  de  Texploitalion  ; 
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^Liamine,  ing^uieur  des  voies  de  communication,  ing^nieur  en  cbef ; 
^Pschenetzky,  ing^nicur  technologue,  adjoint  du  chef  de  traction . 

Chemins  de  fer  de  Moscou-Jaroslav  et  Arkhangelsk  (623  k.,  4  dil.): 

Sava  Mamontoff,  president; 

Sbmen  Pbtrovitch  TchoCOlo£f,  ing^nieur  de  la  construction. 

Chemin  de  fer  de  VartoviC'Vienne  (542  k.,  4  d^l.)  : 

^  Etibnne  Zielinski,  Ing^nieur,  admin istrateur; 
^Alexandre  WasiutyBSki,  ing^nieur  attach^  k  ia  direction ; 
^Adah  Szawtowski,  sous-chef  du  mouvement; 
^  Louis  Wojrno,  sous-chef  du  service  de  la  traction. 

Chemiiis  de  fer  de  la  Visiule  (541  k.,  4  d6l.) : 

♦Kozlowski,  vice-president ; 

^Sendzikowski,  ing^nieur,  administrateur  diredeur  ; 
^Olkhine.  conseiller  privd,  administrateur  directeur ; 
^Daragane.  ing^nieur,  directeur  de  I'exploitation. 

Chcmins  de  fer  de  Domhrova-Ivangorod  (487  k.,  3  ddl.)  : 

^Jean  de  BlOCh,  conseiller  d'etat  actuel.  president; 

Vladimir  db  Lachtin,  conseiller  d'etat,  ing^nieur,  directeur ; 
^Stanislas  Olszewski,  ing^uieur. 

Chemins  de  fer  de  Fastov  (304  k  ,  3  d^l.) : 

^L.  I.  Poliakoff,  directeur; 

I.  W.  Drury,  directeur; 
^I.  I.  GorowitZ,  secretaire  general  de  la  direction. 

Chemins  de  fer  de  Rybhuk-Bologoi  (300  k..  3  del.)  : 

Alexandre  de  Pourgold,  conseiller  privd  ; 
^Jacques  Outine,  conseiller  priv^ ; 
^CoNSTANTiN  DE  Tastchembski,  administrateur  directeur. 

Cheinins  de  fer  de  Moscou  Kazane  (248  k.,  3  ddl.)  : 

^Alexandre  de  Meck,  directeur. 

Chemins  de  fer  de  niouia-Ivanovo  (201  k.,  3  d6l.). 

Chemins  de  fer  de  Novgorod  (168  k.,  3  del.)  : 

Paul  de  Tanciev,  president ; 
Alexandre  de  Kozlovskii  administrateur; 
^Hbnri  de  Svientzitzki,  conseiller  d'etat,   ingenieur,  directeur. 

Chemins  de  fer  dr  Novotorchok  ri37  k.,  3  del.). 

Chemins  de  fer  de  Saint- P^tersbourg-Irhw ska  (37  k.,  2  del.). 

Chemins  de  fer  dr  linrga-Kcrvo  (33  k.,  2  del.) : 

C.  O.  StandertskjOld,  ingenieur,  directeur-presideiit ; 

C.  0.  Sanmark.  surintendant  de  I'Administration  des  industries  de  Finlande,  directeur. 
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ChemindeferdeLodig  (88  k,,  2  deL) : 


^  JiAN  DB  Bloch*,  coQseiller  d'l^tat  octuel,  president  (d^l^gu^  des  chemins  de    fer  de  Dombrova- 

I?angorod) ; 
^  EuQBNB  Kacharski,  chef  du  cootr6l6. 

Chemin  de  fet^  de  la  ville  de  Kiev  (23  k.,  2  d6l.) : 

Brodsky,  administrateur. 

Chemin  de  fer  de  Tsarsko^-S^lo  (26  k.,  2  d^l.)  : 

Leon  Warschawsky,  administrateur. 

PremUre  SociiU  des  chemins  de  fer  secondaires  en  Russie  (160  k.,  3  d^l.) : 

BoLSSLAS  JalOYietsky,  ingdnieur  des  voies  de  communication; 
Thbodorb  T^nakieff,  ingdnieur  des  voies  de  communication; 
^^A.  Nikitine,  ing^nieur  en  chef. 

Tramways  d'Odessa  (20  k.,  2  d^l.) : 

'^P.  Hanunelrath,  ing^nieur,  secretaire  du  conseil  d'admiuistration ; 
'^EuGixB  Bonrson,  ing^nieur. 

Tramways  de  Moscou  (9  k.,  2  d6l.) : 

J.  A.  Likhatcliev*,  administrateur  (d^l^gud  du  chemin  de  fer  de  Kiev-Voron^ge) ; 
4Fb.  Knaoff,  administrateur. 

Serbie  (Servia). 

Chemins  de  fer  de  VEtat  (540  k.,  4  d6l.)  : 
iMiLivoiB  TossimOYitch*.  inspecteur  g^n^ral  (d^l^u^du  gouvernement  serbe). 

Suede  (Sweden). 

Chemins  de  fer  de  VElat  (3,127  k.,  8  d^L)  : 

^Le  comte  Rodolphb  Cronstedt*,  directeur  g^n^ral  (d^l^gu^  du  gouvernement  suMois); 

^Fredrik  Almgren*,  administrateur  (membre  de  la  Commission  internationale  du  Gongr^,  dil^gu^du 

gouvernement  suddois); 
^Victor  Klemming,  inspecteur  du  materiel ; 
^A.  R0O8.  ing^nieuren  chef  consultant  des  travuuz  de  la  voie; 
#  Herman  JohailBSOn,  ing^nieur  des  etudes  du  materiel ; 
^G.  P.  Sandberg,  ing^nieur  consultant  de  la  voie. 

Chemins  de  fer  de  Norsholm-Westervik-Hullsfred  (184  k.,  3  d^l.) : 

^ Major  P.  Petersson,  ingdnieur  des  ponts  et  chauss^es; 
Gapitaine  A.  O.  Stable,  ing^nieur  des  ponts  et  chauss^s. 

Chemin  de  fer  de  Nassid-Oskarshamn  (146  k.,  3  del ) : 
^Fred.  Goslett,  directeur  gdn^ral. 

Chemins  de  fer  de  Nora-Karlskoga  (130  k.,  3  d^l.) : 
^G.  Collett,  ingdnieur  en  chef,  chef  de  I'ezploit-Jition. 

Chemins  de  fer  de  Ft^vi'Litdvika  et  Banghammar-Kloten  (120  k.,  3dei.)  : 
^JoH.N  JobnBOn,  ing^nieur,  directeur  g^ndral. 
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Chemin  de  fer  de  Pahboda-Finspong  ct  Finspong-Norsholm  (85  k.,  2  d6l.)  : 
-^  Oscar  Kamph,  ing^nieur  civil,  chef  de  Texploitation. 

Suisse  (Switzerland). 

jOhemins  de  fcr  du  Jura-Simplon  (1,052  k.,  5  d6l.) : 

^I^MiLB  Golomb,  directeur. 

Chemin  de  fer  Central  Suisse  (394  k.,  3  d^l.)  : 

W.  Heusler,  vice-president  du  comity  de  direction; 
J.  Mast,  membre  du  comity  de  direction; 
J.  Flury,  membre  du  comity  de  direction . 

Chemin  de  fer  du  Gothard  (266  k.,  3  d61.) : 

Stoffel,  president  de  la  direction ; 
-^Dietler*,  vice-president  de  la  direction  (membre  de  la  Commission  iaternationale  du  Congr^s). 

Chemin  de  fcr  Suisse  du  Seethal  (i6  k.,  2  d6l.). 

Chemin  de  fer  d  cr6mailUre  de  Vi^ge  d  Zermatt  (35  k.,  2  del.)  : 

#Ernbst  Correvon. 

Chemin  de  fer  d' Yvcrdon  d  Sainte-Croix  (24  k.,  2  d6I.) : 

♦  Ernest  Gorrevon*,  vice-prdsident  (ddiegui  du  chemin  de  fer  de  \i^ge  a  Zermatt) ; 
♦John  Landry,  administratcur. 

Chemin  de  fer  de  la  ValUe  de  Birtig  (13  k.,  2  del.)  : 

E.  Probst-LotZ,  president ; 

♦  .\rxold  Gysin,  ingenieur,  directeur  de  Texploitation. 

Chemin  de  fer  de  Glion  atus  Rochers  de  Naye  (8  k.,  2  del.)  : 

♦  QcoRGBS  Masson,  president; 

♦  Ami  Ghessex,  vice-president. 

Chemin  de  fer  ^lectriqnc  de  Sissach-Gelterhinden  (3  k.,  2  del.). 

Chemin  de  fer  de  Lausanne-Ouchy  (2  k  ,  2  del.)  : 

♦  J.  J.  Mercier  deMolin,  vice-president; 

♦  E.  Francillon,  administratcur. 

Chemin  de  fer  funirnlaire  de  Terj^itct- Glion  (1  k.,  2  del,). 

♦  Augusts  Dupraz,  avocat,  administratcur ; 

♦  Alexandre  Emery,  administratcur. 

Tunisie  (Tunis). 

Chemin  de  fer  Ruhattino  {Tunis- Bardo- La  Goulctte-Mar^a  (42  k.,  2  del.)  : 

♦  Le  Prince  Rufpo  Scilla,  administratcur; 

♦  FiiANCEsco  Martorelli,  ingenieur,  inspecteur  general  des  chemins  de  fer  italiens  en  relraile,  \.iiT. 

la  Societe. 
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Turquie  (Turkey). 

Chemins  de  fer  orientaux  {Compagnie  cC exploitation  des)  (1,264  k.,  5  deL)  • 

Maurice  Baaer»  administratear,  membre  du  Gpmit^  de  direction; 

Charles  Morawetz,  admlDistraleur ; 
#J.  Goldberg,  ing^oieur,  secretaire  g^n^ral ; 
^Le  IK  G.  DE  Adler,  cooseil  l^aL 

Ohemins  de  fer  oltomant  de  Beyrouth-Damas-Hauran  (250  k.,  3  d^l.)  : 

^  AUam-Lannay*,  administrateur  {<M\kg\Jih  du  chemin  de  fer  de  B6ne-Guelma) 
^  I>.  PdroOM,  ing^nieur  en  chef  des  ponts  et  chaussees ; 
^'^Weisgarber,  ing^nieur  en  chef  des  mines. 

XTruguay. 

Miidland  Uruguay  railway  (315  k.  [196  milles],  3  d6l.)  : 

^C.  0.  Mott*,  chairman  (d^l^^  du  Great  Western  Railway); 

♦  Hon.  J.  C.  Fairer,  director; 

♦Sir  Wic.  L.  Toang,  Bart.,  director. 

Venezuela. 

Cheminz  de  fer  v^n^suHiens  {Compagnie  frangaise  des)  (50  k.,  2  d61.)  : 
#\lbbrt  Re]riiaud,  administrateur. 
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Cbemins  de  fer  de  la  Sicile  (Ilalie)    . 
South  Eastern  Railway  (Orande-Brelagne)  . 
Chemias  de  fer  du  Nonl  Enpereur  Ferdi- 
nand (Autriche) 

CheminH  de  fer  de  I'Oueat  algirien  'Algftrii 
Chemina  de  fer^conomiijueide  Bari-Bailetta 

el  extensions  (Ilalie).      ... 
Commission  Internationale  du   Coiigrts 

chemins  de  fer  mjridionoux  (r^seau  i 

I'Adriatique]  (Ilalie) 

Chemina  de  fer  uois  d'Aradel  de  Csanad 

(Hongrie) 

Cliemin  de  fer  Nord-Ouest  aulrichien  el  jonc- 

tion  Sud-Nordallemande  (Aulriche)  . 
Cbemins  de  fer  du  Sud  de  TEspagne  .  . 
Chemins  de  fer  du  Nord  Empereur  Ferdi- 

nlnd  (Autriche) 

Cbemins   de    fer   miridionoux   (r^seau    de 

rAdrialiiiue)(ItalieJ 

Tramways  a  cBpeurpiJaionlaU  (Ilalie)  . 
Clieminsde  fer  del'Elat  (Franco)  .  . 
Raiin-ajs  ^conomlquea  de  Li^e.  Seraing  et 

eilenaions  (Belgique) 

Trnmn*ajs  d'Odessa  (Russie)  .... 


TABLE  ALPHABI5TI0UE  DES  DfiLBiOUfe. 


ill 

NOM,  (N-AME  ) 

ADMINISTRATION  DI^L^OANTE. 
(DELEO.\TED  BV.) 

SECTIONS. 

115 

BOYEH  (H.  E.)     .      .      -      . 

Compsgnie  rojale  dee  ChemioB  de  for  port u- 

116 

Boyle  (air  Courlanayl  ,      , 

Scctioa aa^taiM  e(  MioisUie  du  eoBunem 

4 

BoTi,K  (John).     .... 

Rbymney  H«ilw«j  (Oronde-Bteliigne)     .     . 

I&4 

BovMHenrjScoU)  .      .      . 

The  CoQded'EuBttilnay  (Briail)     ,      .     . 

5 

Bhaulev  (Charles  W.)  .      . 

d'Amiriqiw) 

1.8,34  4 

120 

Br«schi(E.) 

Chem.ns  de  fer  de  In  M&Jilerran^(It«li«J   . 

3d<4 

BBK4B*LnANK(The  Marquess 

Section    angUiae   el    Caledonian    Railway 

of). 

(Grande-Brrtafue) 

8*3 

Bhemnbh(M.)     .... 

Quebec  Cenlial  RoUwaj  (Canada)     .     .     . 

1A8 

12a 

Bbbthebtosi  [C  E.J.     .     . 

Southern  Pacific  Railroad  (filats-Unis  d'Ara*- 

riqne) 

West  Virginia.  Central  and  Pit(sbui«  Hait- 

124 

Brej-i  (C-  L.)     .     ,     .     . 

■■»T(Slut«-0nisd'Ain4rique)   .... 

3 

Bdics* 

Oiemins  de  fer  de  fEtot  (France)     .     .      , 

liS3 

1-26 

Bbicoubt  (C  )     .     .     .     . 

Tramwava  napolitnins  (Ilatie)       .... 

Bki^rk 

Cbemuia  de  fer  de  Pai-i«  a  Orleans  (France) . 

BmauT  (H.) 

Lancashire  and  YorkBhirs  Railway  (Grande- 

Brelagne).     . 

Comilfi  de  direction  de  la  Commission  inler- 

l.t,3&i 

ViO 

BaioscBi(Fron{ois).     .     . 

IravauT  publics  (Ilalie) 

BBiTTim  (Thomas  J.)    .     . 

Belfast  and  Counlj  Down  Railnay  (Orwida- 
Bietogne) ■      .      . 

BnoosKY  (L.) 

Cbemin  de  fer  de  la  illle  de  Kiei  (RimJe)  . 

Brookk  (T,  D.)  .     .     .     - 

Buenoa-Ayrea  and  Eiiaenadn  Port  Railwaj 

,     (R*p«blique  Ai^nline) 

3A4 

Uidland  and  South  Western  Junction  Rail- 

1,2,  3.4  A5 

BnurfBBi. 

Minialere  des   chemine   de    f»r,   poslea  et 
liiigrophei  el  chemins  do  fer  de  I'Elat 

135 

BavcKfJames)    .... 

S 

136 

Bucu.iNAmWilli:.in)     .      . 

New  York  Ceotnil  and  Hudson  Ri»or  Rail- 
road (Etals-Unis  d'Amiriquc)  .      .     .     . 

BucKLrt  (J.  F.).     .     .     . 

Cambrian  Railwaja  {Oi-aode-Brelagne)  .      . 

BUHTBS(J.  C.)    .... 

i-M 

BiL'HKK  (J.  F  J        .         .        .        . 

Easl    and    West  Junction   and   Stralibrd- 

upon-Avon  Railway  (Grande- Brotagnej  . 

1.9,  8.  4  AS 

Commiaaion  inter nutionale  du   CongiH  et 
Soriitd  iiationale  des  chemina  de  fer  lici- 

naui  (Belftiquel 

5 

BuB»»iM(Wm.).     .     .     . 

Atlantic  and  La teSuporior  Railway  (CMiada), 

BUSSK 

Cliemins  de  fer  de  TEtat  (Danemark).     .      . 

1,2>!L5 

BussGB  (Charlw).     .     ,      . 

3 

144 

BoTUR  (Lord  Arthur)  .     . 

Walerford  and  Umeriek  Railway  (Qrande- 

Bretagne) 

8 

C*iLLAT(Pierre).      .      .     . 

CheuiD  de  fer  de  Ucdina  del  Campo  i  Sala- 

ut; 

C*iHO  (Henry)     .     .      ,      . 

Chemina    de    fer    mftridiojiaui  (i-eseau    de 

rAdiiflliquL-)([(alie) 

ALPHABBTICAL  INDEX  OP  DELEQATES. 
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NOM.  (NAME  ) 


ADMINISTRATION  D^L^OANTE. 
(DELEGATED  BY.) 


SECTIONS. 


147 

148 
149 
150 

151 

153 
154 
155 

156 

157 


Cajo  (Aosaiio)     . 
Camis.     .     .     . 


CAMPBtLL(L^-Gol.  Ihe  Hon. 

H.  W.). 
Gampiouo  (Ambrogio)  . 


Gantoni  (Baron  Coostanio). 
Caiiobw  (Major  P.)- 


161 


lfi2 
ld3 


166 
167 
168 

169 

170 

171 

172 
173 
174 

175 

176 
177 


Cablibr 

GABLiBa  (Joseph)     .     .     . 
Cablibr  (Joles)  .... 

Carrasco  Bossa  (Antonio). 

Carrutrbrs  (John).     •     . 


Garswell  (Jftmes)  . 
Cartwrigbt  (Sir  Henry) 
Cassinis  .... 


Gathcart  (the  Barl). 


Cathlbs  (Jno.) 
Cavo  (Enrico; 


Cazb 

CEaL  (Lord  Eustace) 

Gbrbblaud  (Georges) 
Cbsaroni  (Cesare) 
Chamd^e.     . 


Chaperon 
Chapman  (Eklward) 
Ghardon  .     . 


Chase  (William  L.) 
Chassin  (Alfred). 
Cuaufus  (Nicolas) 

Chauvin  (Geo.  von) 

Chksnbau.     . 
Chessex  (Ami)    . 


Ghenina  de  far  m^idionauz  (r^seau  da 
FAdriatique)  (ItaUe) 

Union  des  cbemina  de  fer  Italians  d'int^rit 
local  (Italie) 

London  and  South  Western  Railway  (Grande- 
Bretagna) 

Commtsaion  Internationale  du  Congres  et 
Union  des  chemins  de  fer  italiens  d  int^i^t 
local  (Italie) 

Soci^t^  anonyme  nationale  de  tramways  et 
da  chemina  rle  fer  (Italie) 

Miniature  du  commerce  (Board  of  Trade) 
(Royauma  oni  de  Grande- Bretagne  et 
d'lHande) 

Chemins  de  fer  da  Paris  k  Orl^ns  (France*. 

Chemins  de  fer  da  Tessin  (Italie)       .     . 

Grand  chemin  de  fer  Central  Sud-Am^ricain 
(R^publique  Argentine) 

Compagnie  royale  des  chemins  de  fer  portu- 
gais 

Agence  gin^rale  de  la  colonie  de  la  Nouvelle- 
Zdiande  k  Londres  (Grande-Bretagne  et 
colonies^ 

North  British  Railway  (Gran^e-Bretagne). 

Lima  Railway  (P^rou) 

Chemin  de  fer  de  Turin,  Pignerol  Torre- 
Pell  ice  (Italie)     

Minist^rto  du  commerce  {Board  of  Trade) 
(Royauma  nni  de  Grande>Bretagne  at  d'lr- 
lande) 

North  British  Railway  (Grande- Bretagne). 

Soci^t^  v^nitienne  pour  ent reprises  et  con- 
structions publiques  (Italie)     .... 

Chemins  de  fer  du  P^igord  (France)     .     . 

Chemins  de  fer  de  LembergoCEernowitz- 
Jaasy  (Autriche) 

Chemins  de  fer  du  Sud  de  la  France . 

Tramways  de  la  province  de  Florence  (Italie). 

Ministiire  du  commerce,  de  I'induEtrie,  des 
postea  et  des  tel^aphes  (France)  . 

Chemins  de  fer  de  Pans  a  Lyon  et  A  la  M^i- 
terran^  (France)     . 

Manchester,  Sheffield  and  Lincolnshire  Rail- 
way (Grandc-Bretagne) 

Ministere  du  commerce,  de  Industrie,  des 
postes  et  des  t^l^aphes  (France) . 

Fitchburg  Railroad  (^tats-Unisd'Am6rique). 

Chemins  de  fer  du  Sud  de  la  France . 

Chemins  de  fer  de  I'l^tat  (ligiie  de  Moscou- 
Koursk  et  de  Moscou-Nijni)  (Russia)  .     . 

New- York,  Ontario  and  Western  Railway 
(iStats-Unis  d'Am^rique) 

Ministdre  des  travaux  publics  (France)  . 

Chemin  de  f.r  de Glion  aux  Rochers  de  Naye 
(Suisse) 


1 

4<&5 

3 

2<&5 


1, 

2,  3,  4  <ft  5 
4 
5 

5 

d<&5 

2 

l,2<fe5 

4 

5 
1,3&4 


1, 

2.  3,  4  4  5 

•      •     • 

2 

4 

2<&3 

4 

4 

3A4 
5 

1,3<&4 

3 

1,  2<&3 

TABLE  ALPHAB^TIOUE  DE9  D^L^UfiS. 


Iff 

NOM.  (NAME.) 

ADMINISTRATION  DfiLliOANTE. 
(DELEGATED  BY.) 

SECTIONS. 

ns 

CilKVALIHR 

Chemins  de  fir  dipartemeiilaui  (France)     . 

1 ,  3,  4  A  5" 

179 

Cjiii.bt 

Chemins  de  ferde  I'Ouesl  .ilgcrieu  (ATg^rie). 

180 

CitORON 

Chemins  de  ferdii  MidUFraace).      .     .     . 

1 

C«i..st:an(0.)    .... 

dea  Indes) 

London     Chatham     and     Dover    Railwcj 

New  York.  New  Haven  and  Hartford  Hailwoy 

IS£ 

Chdrchwahd  (CaplBin).     . 

183 

Clash  (Charles  P.)  .      .     . 

^ 

(Elals-Unis  d'Am*rique) 

184 

Midland  Railwav  lOrande-Bretagne).     .      . 

2 

IH5 

Clekhobn  (John).     .     .     . 

SeclioD  nnglnise  el  North  Eastern  Railwaj 

(Grande  Brelagne) 

IAS 

Clehaui.t 

Cheminadeferdel'Oueat  (France)    .      .      . 

2 

Clerc 

Chemins  de  far  de  I'Ouest  (Prance)   .      .      . 

1 

188 

Clebuont(A.)    .... 

Chemia    de  (er  de  Li%e-Maeatricht  (Bel- 

giqoe) 

Cheshire  Lines  CDmmiLlae{GraLide-Bretagne) 

18S 

COCKBHOTT  (F.   P.)     .        .        . 

Gdluoun  (Robert  G.)     .      . 

Great    Southern    nnd     Western     Railtca; 
(Orande-Brolngne) 

4 

193 

COLLINBT  (L^n).      .      .      . 
CoLOMB  (fimile)  .... 

Chepin  de  fer  de  Hasselt  i  Maetejck  (Bel- 

5 
2A3 

CheD.iti3  de  fer  du  Jnra  Simplo.i  (Suisse).     . 

194 

Colombo 

Chemins  de  fer  de  la  M*diterran*e  (llolie)     . 

t 

195 

CoI.SON 

Commission   Internationale  du   CongrSs  et 
Hinisl^re  dea  traiaui  publics  (France!     . 

COLVILL  (J.  C  )    .        .        .         . 

Section   anglaisa   et    Great   Southern   and 
Western   Railway  (Grande-Brelagne).      . 

4 

East   Indian   Raiiwaj  (Grande- Bretagne  et 

198 

C0NACHU(J.)        .         .        .         . 

North  British  Railway  (Orande-Brelagne). 

3 

Chemins  de  fer  Sardesiltalie) 

800 

Cook  (Heiirj)     .... 

Fumesa  Railway  (Omnde-BrelagnB).     .     , 

CooK<J.  M.) 

3 

CoopEi  (David)        .     .     . 

Olwgow    and     South    Wealern     Railwaj 

(Oronde-Bretagne) 

3A4 

C00l-E«(0.l 

Central  Areeatine  Railway  (Rip,  Argentine). 
Deiiverand  Rio  Grande  Rail  wiiy(Elata-Unis 

Cocl-ELL  (Oeorgo)     .     ,     . 

805 

COBDEWEENEH  (Juloi)       .        . 

1,8,3.4  45 

Chemin  de  fer  de  Gand  aTemeuien  (Belgique) 

sot! 

Cobs  (Hie  Earl  Of)   .      .      . 

Great  Western  Railwaj  (Ofande- Bretagne). 

Chemins  do  ler  de  la  M^ilerranee (llalie)    . 

8 

CoBBEVON  (Erntiat)  .      .      . 

Chemin  de   fer   d'Yverdon   i   Ste-Croii  et 

cherain  de  fer  de  Vi*ge  a  Zermall  (Sniase). 

4A5 

COSTE 

4A5 

810 

Oouvernenient  et  chemins  de  fer   de  I'^Ut 

Sll 

GOTTBSCO  (A  )        .        .         .         . 

1A5 

Miniature  des  travaui  publics  el  chemins  de 

fer  de  riilat  (Roumanie) 

3 

818 

GoTrK.-^i.oB  (the  Right  Hon. 

London,  Brighton  and  South  Coast  Railway 

Lord). 

(Grande- Bretagne) 

213 

C-uTTuN  (Edward  T  ).     ,     . 

Bellast   and    Northern    Counties    Railwaj 
(RojsumeunideGr.-Bretagneetd'Irlandfl) 

CoTTHAU   (Jules).        .        ,        . 

(Palerme,  Marsala,  Trapani)  (lUlie)    .      . 

i 
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215 
216 

217 

218 
219 
220 

221 

222 
223 


233 


237 

238 
239 

240 

241 
242 


243 

244 

245 
246 
247 

248 


ADMINISTRATION  DEL^OANTE 
(DELEGATED  BY.) 


ComisLL  (S.  B.).     .  . 
GoncBiEo  (Jose  Joaquim  de 

Paiva  Gabral).     .  . 

GouRTois  (Fernand) .  . 

Ck)UsiN  (Emile)  .     .  . 

Cousin  (Jean)      .     .  . 

GaoKn  (E.  T.  O'B  ).  . 


Caonstbot  (C*  Rodolphe) 


Crosa 

Crosbib  Dawson  (J.  G.). 

CuLXAN  (James)  .     .     . 

CULVBRWELL  (GeoFge  P). 

Curtis  (P.  S.)     .     .     . 

CusACK  (Sir  Ralph  Smith) 

Danischbwski  (Emile) . 

Daragane 

Dawbs  (Frank)  . 


Dban{W.)    . 
Db  Backer  (H.) 


Dbbrat 


Db  Brutn  .  . 
Db  Bruyn  (C.)  . 
De  Bussghbrb    . 

DeCuypbr  (EJ.) 

Dbhatnin  (Albert) 
Delamarrb   .     . 


Dblaunat-Bbllbyillb  . 

Db  Lavblbtb  (Auguste) 
Db  Lavblete  (George). 


Dblgommunb  ^Emile)     . 

DBLHATB(F6lix).       .       . 

Dbmouun 

Dbnt  (Edward)  .     .     . 
Dbpbw  (Gbauncey  M . )  • 


Dbrvill^. 


Liverpool  Overhead  Railway  (Or.-Bretagne). 

Ghemins  de  fer  de  I'i^tat  (Porluga!)  .  . 
Gbemifi  de  fer  de  Colle  de  Val  d'EIsa  Poggi 

boosi  (Italic) 

Ghemins  de  fer  du  Sud  de  I'Espagne  .  . 
Compagnie  du  chemin  de  fer  du  Congo  . 
Cork  Bandon    and   South   Coast   Railway 

(RoyauDie  uni  de  Gr.-Bret.  et  d'Irlande). 
Minist^re  de  Tint^rieur  et  chemins  de  fer  de 

r^lat(SuWe) 

Minist^re  des  travauz  publics  (Italie).  . 
North  Staffordshire  Railway  (Royaume  uni 

deGrande-Bretagneet  d'Irlande)  .  . 
Nashville,  Chattanooga  and  S^-Louis  Rail 

way  (Etats-Unis  d'Aro^rique)  .  .  . 
Belfast  and  County  Down  Railway  (Royaume 

uni  de  Grande-Bretagne  et  d'Irlande)  . 
New  York,  New  Haven  and  Hartford  Rail 

way  (Etats-Unis  d'Am^rique)  .  .  . 
Midland  Great  Western  of  Ireland  Railway 

(Royaume  uni  de  Gr'.-Bret.  et  d'Irlande) 
Chemin  de  fer  de  Moscou-Brest  (Russie). 
Chemin  de  fer  de  la  Vistule  (Russie)  .     . 
Midland  and  South  Western  Junction  Rail 

way  (Grande-Bretagne) 

Great  Western  Railway  (Grande-Bretagne) 
Soci^t^  g^ndrale  de  chemins  de  fer  ^cono 

miques  (Belgique) 

Minist^re  du  commerce,  de  Tindustrie,  des 

posies  et  des  t^Mgraphes  (France)  .  . 
Commission  Internationale  du  Congr^s  . 
Chemin  de  fer  Hollandais  (Pays-Bas) .  . 
Minist^ge  des  chemins  de  fer,  postes  et  \6\^ 

^raphes  et  ch.  de  fer  de  r^tat(Belgi<|ue) 
Railways  econoraiques  de  Li^ge-Seramg  et 

extensions  (Belgique) 

Chemins  de  fer  de  i'Est  algdrien  .  .  . 
Chemins  de  fer  r^giouaux  des  Bouches-du 

Rhdne  (France) 

Minist^re  du  commerce,  de  Tindustrie,  des 

postes  et  des  t^l^graphes  (France)  .  . 
Commission  internationaiedu  Congr^s  . 
D^jMirtement  des  aflaires  ^trang^res  de  I'^tat 

md^pendant  du  Congo  et  Compagnie  auxi- 

liaire  internationaie  de  chemins  de  fer 

(Belgique) 

D^partement  des  affuires  ^trang^res  de  I'Etak 

ind^pendant  du  Congo 

Chemin  de  fer  de  Valence  et  Aragon  (Espagne) 
Chemins  de  fer  de  I'Ouest  (France)    .     . 
Quebec  Central  Railway  (Canada) .     .     . 
New  York  Centra!  and  Hudson  River  Rail 

road  (Etats-Unis  d'Am^rique)  .  .  . 
Minist^re  du  commerce,  de  Tindustrie,  des 

postes  et  des  t^l^aphes  (France).     . 


SECTIONS. 


1 
3<&5 

2 

1<&5 
ld5 

4<&5 

i 
1<&5 

1 

2<&3 


3 
i,3<&4 

3,  4<&5 
2 


1 

•  •  • 

1 

1,3,4  A  5 

1,  2,  3  <&  5 
4 


2 
5 
2 
5 
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Dsraisu  . 


DEUTacii  (Louis). 

DBVftS.  ,  .  . 
DBVI1.A1NR  (Uon) 
DiCEKN8(L'.Gi>ii*r«IC.H 


:ii  (E.,. 


Draoci  (Th.)  . 
DRK93I  {A  mm 


ChemEriB  lie  fer  lie  Pari! 


iLjonel 


aM*di- 


lerranee  (rtera  . 

Chemiii  de  Ter  de  t'Esl  beige  (Belgjiiue)  el 

cheminBdeferduTBasin  (imlio)    .      ,      . 
MiuistAre  dea  chemina  de  ler.  posies  ct  UI6- 

grnphei  el  cliemina  de  far  de  I'Etst  (Bel- 

PT") 

Cheniiii  de  fer  de  Nagy-Kikiiida  a   Nngj- 

Becskerek(Hon^ie) 

Chemin  de  Ter  de  BAne-Guelma  el  prolonge- 

ai«iib  (r^Eeail  slg^rien] 

"     '    '    lies    voiei    ferr^s    du    Dauphlii^ 


(Frs 


:e) 


Bengal  and  North  Western  Bailnav  (Empire 

den  Indes) 

Chemin  de  ler  Prince-Henri  (Luiemlxjurg)  . 
Comoiissior)  internaUonnle   du   Congriu 

cLemin  de  fer  da  Oothard  (Suisse) . 
Chemin  de  fer  de  Riaiaiie.Quralsk  (ligne  da 

Rlisldie.o.Scrdohk3lieLAlkarBk-Pelroysk) 

(Russie) 

Chemin  de  ferdeChimay  (Belgiiju 
CommisKion  inlernationale  du  Congris  (secri' 

la  ire- rapporteur) 

Ariiona  .tiid  South  Eastern  Kailroad  (£tals 

Unis  d'AmJrfque) 

Chemina  de  fer  de  I'^Ul  (ligne  de  Syirane 

Viaimn)  (Runaie) 

MinisUre  dea  trtivaui  puLlics  et  chemini 

defer  de  l'lilat(Rounianle).      .      .      . 
Chemin  de  ler  de  Termonde  a  Sainl-Nicolai 

(Belgique) 

Chemin<ieterdeHa9SeltiMaeseyck(Belgique) 
Chemin  de  fe^  d«  Medina  del  Campo  i  S«la- 

manca  (Eepagne)  et  chemiii  de  fer  de  la 

Beira-Altfl  (Portugal)     . 
Chemin  de  (er  de  Kaatov  (Rusaie) . 
Commisnion  inlernationale  du  Congr^,  Ml- 


l  l«l«- 


graphea  el  cbem,  de  fer  del'i^lHt  (Belgique), 
Chemin  dererdeCainluredo  Poris  (Fran eel. 
Commission  in  tenia  tionnle  du  CongrAs,  Mi' 

iii«l«re  des  Iravaui  publics  et  cbem,  de  fer 

derElaKRnnmanieJ 

New- York  Central  and  Hudnon  Hirer  Rail 

rond  (ElaU-Unis  d'Am^rique) .      .     . 
Cheniiiis  de  fer  de  I'Eal  (Frunce) . 
North  Eadern  Railway  (Grande- Brolugne). 

Chemin  d*  fer  Prince-Henri  [Luiembourg]  , 
Bailwaj*  *conomiqnes  de  Liige'Seraing  el 

eilcnsiont  (Belgique) 

Oiemiii  de  fer  ninicalairc  de  Terrilet-Olioi 
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SECTIONS. 


I 


279 

280 
281 


282 
283 

284 

285 

286 

287 

288 

289 
290 

291 

292 
293 
294 
295 
296 
297 

298 

300 

301 
302 

303 

304 

305 
306 
307 

308 

309 

310 

311 
312 
313 


DUBIBUX  (A). 


DuRBiBD  (le  Gomte  Paul) 
DuTEBUX(T6ny).     .     . 


EcHBGABAT  (Edaardo)  .     . 
Eddy  (Edward  Miller  Qard), 

Edobcumbe (Col.  the  Hon. 

C.  E.). 
EoER  (ie  D'  Alexander).     . 

Elussbn  (Albert)    .     .     . 

Elwell  (C.  C.)  .     .     .     . 

El  WELL  (Paal  Bedford) 


Ely  (Theodore  N.)  . 
Emery  (Alexandre)  . 

Emlyn  (the  Viscount) 

Empain  f  Edouard)    . 
Empain  (Francis)    . 

ENOSTil)5H 

Brine  (S. A.).     .     . 

Ernst 

EsPREOUEiRA  (Manuel  A 

Estall  (George).     • 
EsTBRLE  (Carlo) .     . 

Etienne  .... 


Etunoer  (Edm ). 
BvANS  (Richard). 


Fair  (John)  .     .     . 
Fairbairn  (sir  Andrew) 


Farrer  (Hod.  T.  C.) 
Favre     .     .     . 

Fay  (Sam)     .     . 


Fedorofp  (M.  L.) 
Fenton  (sir  Myles) 
Ferrari  (Auguste) 
Fbrrari  (Jean)   . 

FbRBEIRA  DB  MESQUITA(Joao) 

FiERLAKT  (le  B<«  Albert  de) 


d-). 


Gompagnie  g^n^rale  de  chemins  da  fer  br^- 
siliens  (Br^^) 

Chemlus  de  fer  de  TEst  alg^ien  (Algeria). 

Commiasion  intematiooale  du  Congrte  et 
chemin  de  fer  Gaillaume-Luxembowrg 
(Luxembourg) 

Ministire  du  fomento  (Bspagne)  .... 

New  Swuth  Wales  Government  (Grande- 
Bretagne  et  colonies) 

Great  wef^tem  Railway  (Grande- Bretagne). 

Chemin  de  ler  Nord-Ouest  autrichien   et 

jooclion  Sud-Nord  aUemande  (Antriche). 
Soci^t^  gin^rale  des  chemins  de  fer  teono- 

miques  (France) 

New  York,  New  Haven  and  Hartford  Railway 

(^tats-Unis  d'Am^ique) 

New    South   Wales  Government  Railways 

(Grande-Bretagne  et  colonies^  .... 
Pennsylvania  Railroad (^t.-Unis  d'Am^rique) 
Chemin  de  fer  funiculaire  de  Territet-GUoa 

^OlUSSCy       ..a....... 

Section  anglaise  et  Great  Western  Railway 

(Grande-Bretagne) 

Chemins  de  fer  ^conomiques  du  Nord  (France) 
Chemins  de  fer  du  P6rigord  (France)  .  . 
Chemins  de  fer  de  TEtat  de  Finlande  (Russie) 
Chemin  de  fer  de  Kiev-Voron^e  (Russie). 
Chemins  de  fer  de  IHStat  (Danenaark)  .  . 
Compagnie    royale    des    chemins    de    fer 

portugais 

Metropolitan  District  Railway  (Gr.-Breta^ne) 
Chemins  de  fer  secoudaires  de  la  Sardaigne 

(Itelie) 

Chemins  de  fer  de  Paris  a  Lyon  et  a  la  M6di  • 

terran^e  (r^seau  alg^rien) 

Quebec  Central  Railway  (Canada).     . 
Barry  Railway  (Royaume  uni  de  Grande- 
Bretagne  et  d^Irlande) 

Buenos-Ayres     Great    Southern     Railway 

(R^publique  Argentine) 

Commission    internalionale  du  Congrds   et 

Great  Northern  Railway  (Gr.-BreUgne). 
Midland  Uruguay  Railway  (Uruguay)  .  . 
Chemin  de  fer  du  Nord  (France)  .... 
Midland    and     South    Western     Railway 

(Grande-Bretagne) 

Chemins  de  fer  de  Riazane-Ouraisk  (ligne 

deRiazane-Saratov)  (Russie)  .  .  .  . 
Section  anglaise  et  South  Eastern  Railway 

(Grande-Bretagne) . 

Union  des  chemins  de  fer  italiens  d*int^r6t 

local  (Italic) . 

Chemins  de  fer  de  la  M^diterran^  (Italic)  . 
Compagnie  royale  des  chem.  de  fer  portugais. 
Tramw.iys  florenlins  (Italic) 


2d4 


1 
3 
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... 

4 

5 

1 

2,3<&5 
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5 

5 
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F11.0NBNK0  (Mniimilien) 
ti  (Villorio)  .     ,     . 


Y{J.) 


PoLQUK  (Pedro  Romano) 
Po.-.eowk(db)  .  .  . 
Fontaine 

FDNTiWB-DHLiVei.BVB 
PoSTiINK  (A.  J     OS  L»)  . 

rKMH.)      . 
:»  (J.-S.) 
FoH»B9  iy.'m) 

FoHCADE  (on) 

FbRSTRB  (Ferdinand) 
Pou*N      .     . 

PouoDAU (Hen 
Fowi.EH  (Sir  John)  . 

Fox  [Sir  Douglaa) 


LNco(Binile)  . 
PB*sii(Victor)  . 

Fraseh  (Sir  Ualcolm) . 

PHBiaE  (Victor  Pretot)  . 

Fheslot  .      .      . 
Fbby  (Jacob  J.)  . 

FBI3     .... 


Cliemins  de  fer  de  I'lilal  (lignea  Sud-OuesI) 

(Russie) 

Cliemin  de  Ter  de  Colle  de  Val  d'Elsa  Poggi- 

bonsi(l[alie) 

Great  Northern  Railway  (Grande  Brebagne). 
MinibMre  du  commerce,  de  I'induElrie,  des 

poalesetdestel^graphca  (France)  .  . 
Cbemin  defer  Central  Buisse  .... 
CoDipagnie  des  elieniias  de  Ter  Sud-Oueal 

br*ailienfl(Br4Bil) 

Cheniins  de  fer  de  TElBl  (Porlugat)  . 
Cbeoiin  de  fer  du  Nord  (Prance)  .  . 
Minist^t!  du  commerce,  de  I'induatrie,  dea 

posies  «t  dea  tdt^graphea  (France)  .     .     . 
C^mpagnie  g^n^role  de  chemins  de  fer  br£- 

siliens  (Br«sil) 

Grand  cliemin  de  Ter  Cenlral-Sud-Am^ricaiii 

(Rtpubliquc  Argentine) 

London  and  North  Weatem  Railway  (Oraude- 

Bretagne) 

Section  uiij^taUe  et  London.  Chalham  and 

Dover  Railway  (Grande  Bretagne)  .  . 
I^iidon,    Chalham    and    DoTer    Railway 

(Orande-BrelagueJ 

Chemin  de  fer  de  Somain  a  \a  frontiftre  beige 

(mines  d'Aniin)  (Prance) 

MiniBlfire  des  Irayam  publics  (Franca),  . 
Chemins  de  fer  de  I'Elsk  (Uongrie)  .  .  . 
Cbetaias  de  fer  de  TiJUt  (Prance) .... 
Chemins  de  fer  de  ['Est  fran;aiB.  .  ,  . 
Chemins  de  fer  de  I'^tal  (Hongrie)  .  .  . 
Great  Norlbern  and  Midland  Joint  Linen 

Commiltee  (Orande'Breliignel    .     . 
Uanchesler,  ShetlJeld  and  Lincolnshire  Rail- 
way (Oronde-BroUgne)    .     .  '  .    . 
Mersey  Ruilway  (Grande  Bretagne)  . 
Oiemms  de  fer  de  la    Flandre  occidenlale 

(Belgique) 

Chcmin  tie  fer  de  Lausaune-Ouchy  (Suistel. 
Chemin  de  fer  de  Somnin  i  la  frontiire  beige 

(France) 

Soc.  des  voies  fences  du  DauphinS  (Frai  , 
Cbemins  de  fer  secondaires  de  la  Sardaigne 

(iw»l 

Oauvernement    de    TAustralie    de    I'Ouest 

(Grande- Brelagne  el  colonies)  .... 
Minisl^re  de  I'industrie,  dee  travaui  public) 

el  de  1b  coloniiution  (Chili) 

Chemin  de  fer  de  Paris  a  Orleana  (France). 
Chemins  de  fer  de  la  MMilerranie  (Italie)  . 
American  Railway  Associalion  (filats-Unis 

d'Amiriqiie) 

Society  nalionale  des  Chemins  de  fer  i 

naui  (Belgique) 

ChBaiin8dererdel'BtaldeFin1ande(Russle). 
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SECTIONS. 


349  FuNCK(E.) 

350  Oafenco(A.) 

351  Gain 

352  Oalton  (Sij  Douglas)    .     . 

353  Oardner(S.  a.)-     •     . 

354  Oarrick  (Sir  James) 

355  Oattoni  (Antoni)     .     . 

356  Gautier 

357  Gay  (Joseph)      .... 

358  Gerard 

359  Gerard  (Victor).     .     .     . 

3dO  Gerhardt 

361  Oerritsbn 

362  Gbrstkl  (Gustav)     .     .     . 

363  Ghalib-Bey   (le  Comman- 

dant) . 

364  Ghbnxert  (Arcady  J.)  .     . 

365  GiBB  (George  S.).     .     .     . 

366  GiBNANTH  (Le  baron  E.  de). 

367  GiBT(A.) 

368  GiLLBT 

369  GiLLiAT  (Howard)    . 

370  GtLLON  (Aug )     .     .     .     . 

371  GiRoOARD  (Lieul"t  E.  P.  C  ) . 

372  Gladstone  (The  Right  Hon . 

Herbert). 

313  Glassbr 

374  Goldberg  (J.)     .     .     .     . 

375  GOLOUBIBFP(V.). 

376  Gomes  Lima  (le  D'  Antonio 

Jose). 

377  GooDAY(P.) 

378  GoROiteNBo  (Jacques)   . 

379  GoRowrrz(J.)    .     .     .     . 

380  GosLBTT  (Fred ) .     .     .     . 

381  GOTTSCHALK 


Compagnie  auxiliaire  Internationale  de  che- 
mms  de  fer  (Belgique) 

Minist^re  des  travauz  publics  et  chemins 
deferde  r^tat(Roumanie) 

Compagnie  Internationale  des  wagons-lits 
et  des  grands  express  europ^ns  (Belgique). 

Mobile  and  Birmingham  Railway  (titats-Unis 
d'Ara^rique) 

New  York,  New  Haven  and  Hartford  Rail- 
way (^tats-Unis  d'Am^rique)  .... 

Agence  g^ndrale  de  la  colonie  de  Queensland 
(Grande-Bretagne  et  colonies)  .... 

Chemin  de  fer  de  Naples-Ottaiano  (Italie)    . 

Compagnie  Meusienne  de  chemins  de  fer 
(France) 

Chemins  de  fer  du  Sud  de  la  France. 

Mmist^re  des  chemins  de  fer,  postes  et 
t^l^graplies  et  chemins  de  fer  de  I'^tat 
(Belgique) 

London,  Brighton  and  South  Coast  Railway 
(Grande-Bretagne) 

Chemins  de  fer  de  I'Est  (France) .... 

Tramways  a  vapeur  de  Breskens  Maldegem 
(Pays-Bas) 

Chemins  de  fer  de  rtitat  (Aulriche)  .     . 

Minist^re  du  commerce  et  des  travauz  pu- 
blics (Turquie) 

Chemin  de  fer  de  Kiev-Voron6ge  (Russie)  . 

North  Eastern  Railway  (Grande-Bretagne)  . 

Compagnie  auxiliaire  Internationale  de  che- 
mins de  fer  (Belgique) 

Buenos-Ayres  Great  Southern  Railway 
(R^publique  Argentine) 

Chemins  de  fer  et  Tramways  en  Perse    . 

Denver  and  Rio  Grande  Railway  (^tats-Unis 
d'Amdrique) 

Chemins  de  fer  de  Pir^,  Ath^nes,  P^lopo- 
n^se  (Grece) 

Minist^re  du  commerce  {Board  of  Trade) 
(Royaume  uni  de  Gr.-Bretagneetd'Irlande) 

Wrexham  Mold  and  Connah's  Quay  Railway 
(Grande-Bretaffne) 

Chemins  de  fer  d'mt6r6t  local  du  d^partement 
des  Landes  (France) 

Compagnie  d'exploitalion  des  chemins  de  fer 
orientaux  (Turquie) 

Chemin  de  fer  Vladicaucase  (Russie).     .     . 

Compagnie  nationale  des  chemins  de  fer 
portugais 

Great  Eastern  Railway  (Grande-Bretagne)  . 

Minist^re  des  voies  de  communication 
(Russie) .     .     . 

Chemins  de  fer  de  Fastov  (Russie)    .     .     . 

Chemin  de  fer  de  Nassio-Oskarshamn  (Su^e) 

Minist^re  du  commerce,  de  I'industrie,  des 
postes  et  des  t^ldgraphes  (France) .     .     . 


2<&4 
2 
5 
3 

5 

5 


3 
2 

5 
3 

2 

1,4(&5 

1,  2,  3,  4  &  5 

2<&3 


i 
2 


l,3d4 


3<&5 
3 

i<&3 

4 
1<&2 

2,  3<&5 
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GouvEii  [le  Comle  cb)    . 
OaAST  Vassall  (B.  L.)      . 

:B[)a(Cluirlefi].     .     .     . 
:ese  (Williom  George)  , 


;iNBK(Emile).      .     .      . 
FFJTH  (John  Evan)    .      . 
GHraoRiKFr  (Serg*)  . 

Gbcllo  (Chnrles).     .      .      . 
GniMBuao  (le  CheTaUer  Ito- 
dolphe  dk). 


Gbosuin  (Volilemor) 

OlluNEBAU«(FrBni).      . 

« (Arthur)     .      . 

,i.LA  (Angilo).     . 
Quest  (Arlhor  Edward) 

N  (Femand)  . 

Odinottb  iLucieii)   .      . 

Y  [Coloman  db)  . 

G(rTUBtB(DaTiil).  .  . 
GliyAHD  [Juld)    .      .      . 

OuVAmo(BM*)   ,     .     . 

Gyk(CbpI.)  .... 
Otsis  (Aroold)  .  .  . 
Haaosma  (S.  E.)      .      . 

IIainbj  (Henrys.)  .     . 

Hauelins  (S.)     .      . 
H*viLToN  (Lord  Cloud  J.) 

il, 


1P-) 
a  (Charles) 


(F.  R.)  .  . 
e>  (GusUveJ  . 
[Cbas.) 


MiiiiKUte  da  comnMrce,  de  I'indueti'ie,  dei 
pgsle^  «t  dea  Itl^aphes  (f  rance) .      .      . 

Cbcniiiia  de  Ter  de  la  Be[ra-A1lB.(Porlusal). 

Tafl"  Vale  Itailwaj  ( Grande- Bretagne)      .      . 

Oreat  Niiilhem  Railvnv  (Ireland)  (Royaume 
uni  de  Grande  Brptarni!  et  d'Irlande)  .     . 

Cherniii  de  (er  de  Madrid  i  Saragosse  el  i 
Alnaiile(Espaeiie) *    . 

Midland  Oreal  Western  of  Ireland  Railwsj 
Hiiyuuine    um    de   Gra tide- Bret agns    i" 


i.de). 


d'lrli 
Cheinin  de  Jer  de  Uodeaa-Vignola  (ttalie) 
NeaUi  iiud  Brecon  Bsilway  (Gr<"-Bratagiie]. 
inlrale  des  diemins  de  fer 


"•> 


ChemiiiG  de  fer  de  la  Sicile  (Ilalie)    . 
Scd^lt  HUtriLhienae-bongroiAe  des  cl 

de  fer  de  I'^lal  (Aulriche)  .     .      . 
Commission   inleroalionale   du  CongrCs  et 

cheniin  de  fer  du  Nord  (Frsace)    . 
Chemina  de  fer  de  I't^tal  (llgne  de  Libau- 

Romiiji)  (Ruisiej 

Cbemin  de  ler  de  Vienne-Aspang  (Autriclir) 

Tramwnys  de  Turin  (Italie) 

Cbemin  de  rerdeModenn-Vignola  (Italie)    . 
Taff  \'a1e  Hailwaj  (Grande-Bretagae)    .     . 
Chemina  de  fer  et  tramnoys  en  Perse     . 
Cbeniiii  de  fer  du  Nord  (France) .... 

Tramvays  siciliena  (Itali«) 

Cbemin  ije  fer  d'inl4r£t  local  du  SliUgjnag 

(Hoiigriel 

Gtasgon     and     SouLh    Western     Bail«aj 

lOmnde-Brelagne) 

Cbomiudel'erdcGuSiMeiiauoourt(Fiiuice]. 
Clieminde  fer  deOueiMenaucourt  (France). 
South  EsBlern  Bailway  (Orande-Bretagne). 
Cbemin  de  ler  de  la  vt\\te  de  Blraig  (Suisie). 
Sofi^Upourreiploitntion  des  cherains defer 

derEta(n6erlandaiE(PaysBas)     .     .     . 
American  Railway  Association  (^tala-Unis 

d'Amirique) . 


Tramways  nterlandais  (Pays-Bas)     .      .     . 

Section  anglaise  et  Great  Eastern  Railway 
(Qraode-Bretagne) 

Tramways  d'Odessa  (RusUe)  .      .  .     . 

Cbemin  de  fer  de  rEnlre-Sombre-et-Metise 
(Belgique) 

CbemiudcrerderEBtdeSeeUad(D«ne)iiark). 

American  Kailway   Associaliou  et  Illinois 

Central  Riiilrood  (ELals-Unis  d'Amirique). 

Section  anglaise  et  London  and  North  wes- 
tern Railway  (Graiide-Bretagae)    .      .     . 

Carlageua  Uagdulena  Railway  (Colombia)  . 

Cbemin  de  fer  du  Nord  de  la  Belgique  . 

LeUgh  Valley  P.ailroad  (^tats-Unis  d'Am«- 
'ique} 
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420 
421 
422 
423 
424 

425 

426 
427 

428 

429 
490 

431 

432 
433 
434 
435 
436 

437 

438 

439 
410 

441 


442 
443 

444 

445 

446 


447 
448 
449 
450 


Hasselt  (R.  van)    .     . 

Hauet 

Haussbr 

Hausseb  (Adorjau)  . 
Hawkins  (William  Bailej) 

Henderson  (Alexandre). 

HBNNBBTnssE  (Ulysse)   . 
Hbnnby  (John)  .     .     . 


HERBBBT(Sir  Robert  G.W.) 


Hbbdnbb  .     . 
Hbbzbnstein  (V.) 


Heubteau 


Hbuslbr  (N.)      .     .     . 
Hbygatb  (W.  U.)    .     . 
Hey  WOOD  (Gteorge)  . 
H  BY  WOOD  (D^  George  J') 
Hey  WORTH   (Colonel   Law 

rence). 
HicKsoN  (George  E.  A.) 

Hill  (Vincent  Walker) . 

HiNDLiP  (Lord)  .     .     . 
HiBScuL  (le  D'  Harry  L  ) 


Hodeigb 


Hodoson(H.  C).     . 
Hoheneooeb  (Wensel)  . 

Hohbnlohb  (S.    a.    S. 

Prince  Egon). 
HOLDEN  (J.)  .      .      .      . 
Holemans  (Edouard) 


le 


Holmes  (M.).     .     .     . 

HOLTZ 

HoMBEBO  (Octave)    . 
HdNiosvALD  (Joeeph) 

HopwooD  (Francis  T.  S.) 


HoTBHELD  (the  Right  Hon. 
Lord). 

HOTTINGUBB 

HoziBB  (sir  W.  W.)  Bart.  . 
Hubbabd(A.)     .     .     .     . 


Chemin  de  fer  Hollandais  (Pays-Bas)    .     . 

Chemin  de  fer  de  ceinture  de  Paris  (France). 

Chemins  de  fer  du  Midi  (France) 

Chemin  de  fer  Kaschau-Oderber^  (Hon^rie). 

Brecon  and  Merthyr  Tydfil  Junction  Railway 
(Grande- Bretagne) 

Manchester,  Sheffield  and  Lincolnshire  and 
Midland  Joint  Committee  (Gr. -Bretagne). 

Chemins  de  fer  du  Tessin  (Italie).     .     .     . 

New  York,  New  Haveu  and  Hartford  Rail- 
way (^lats-Unis  d'Am^rique) .... 

Agence  gtodrale  de  la  colonie  de  Tasmania 
(Grande-Bretagne  et  colonies)  .... 

Chemins  de  fer  du  Midi  (France).  .     . 

Ministire  des  voles  de  communication 
(Rossie) 

Commission  inlemationale  du  Congrte  et 
chemin  de  fer  de  Paris  a  Orleans  (France). 

Chemin  de  fer  Central  Suisse 

Midland  Railway  (Grande-Bretagne)     .     . 

Fitchburg  Railroad  (^tats-Unis  d\im^rique). 

Fitchbur^  Railroad(^tat8-Uni8  d*Amirique). 

Lima  Railway  (P^rou) 

Tralee  and  Dingle  Light  Railway  (Grande- 
Bretagne) 

Hull.  Barnsley  and  West  Riding  Junction 
Railway  (Grande-Bretagne)  .     .     . 

Great  Northern  Railway  (Grande-Bretagne). 

Soci^t^  autrichienne-hongroise  des  chemins 
de  fer  de  r^tat  (Autriche) 

Ministers  des  chemins  de  fer,  postes  et 
t^l^grophes  et  chemins  de  fer  de  I'^tat 
(Belgique) 

Midland  Railway  (Grande-Bretagne) 

Chemin  de  fer  Nord-Ouest  autrichien  et 
jonction  Sud-Nord  allemande  (Autriche) . 

Chemins  de  fer  du  Sud  de  1' Autriche     .     . 

Great  Eastern  Railway  (Grande-Bretagne^. 

Commission  Internationale  du  Congr^s,  Mi- 
nistere  des  chemins  de  fer,  postes  et  t^U- 
graphes  etchem.  de  fer  de  I'^tat  (Belgique) . 

North  British  Railway  (Grande-Bretagne) . 

Minist^re  des  travaux  publics  (France).     . 

Chemins  de  fer  de  I'Bst  alg^rien  (France)    . 

Chemins  de  fer  du  Nord  Empereur  Ferdinand 
(Autriche) 

Miniature  du  commerce  (Board  of  Trade) 
(Royaume  uni  de  Grande-Bretagne  et 
d'Irlande) 

South  Eastern  Railway  (Grande-Bretagne). 

Chemin  de  fer  du  Nord  (France).  .  .  . 
Caledonian  Railway  (Grande-Bretagne) .  ; 
Great  Western  Railway  (Grande-Bretagne). 


i,3d5 

■  •  • 

4 


1 
2 


2 

1<&5 

4 


i,  3d4 
4 
1 


1<&5 

3,  4d5 
4 


2d3 
2 

1 

4 

1,  2  A3 


4 

i,  2d5 

1<&4 

5 

2 


1<&2 

1<&2 


TABLE  ALPHABliTlQUE  DES  DliL^SUfe. 


NOJit    (NAME.) 


Hir«E 


HuuKnri  (AlpliDnie), 

HtlODBT    .... 
MP11HBY9  OWEM  (C. 

sr(WM.)-     -     . 

NTfWTON  (C.  P.)- 


lims  (Bikokicbi)     . 

IwRuoutiT  (le  UarquLs 

■     u»{l.C.).     .     . 

I'lNlWilliam) 

*v(C.  H.)     .     . 

l=N*v(N.  N.)    .     . 


JicKsoH  (Ibe    Itigbl 
W.  L.) 

r»COBH(T.j      .         .         . 

Jacouu-Uood  (B.j    . 


fKRv(E.lwardT.) 
Juttkles  (Richard). 

JiiSRiN(Tl.oniMC), 
:Kivs(Sii'Joliii  J.) 


Mini^ilere    d^s  chemins  de   (er.   postes   et 

tiligraphta  el  cbimins  de  ler  de  I't*    ' 

(Befgique) 

Cominisiiion      internatioiiile     dii     Congrte 

(Comit^de  rMaclion  du  Bullelin).  .  . 
Cbeniins  de  ler  ds  t'^tat  (Fmiice),  .  .  . 
Cambrian  Builwnj»(OraiidBBretagne)  ,  . 
Laiicji>bire  and  Yorksbire  ItBitwi;  (Orande- 

Bretn^'iie] 

SoulLeni      f'aciftc     Railroad     (hilsIa-Vnis 

d'Am6rique)  .      ,      ■ 

Miiiislere  du  commerce  (Board  of  T\-ad>-) 

(Royaume    uiii    de    Oran(le>-Brelagiie   et 

d'lrlHnrta) 

Cliesbire  Lines  Committee  (Or,-t<r«tagncL 

Chemins  de  fer  de  Risune-Ounlbk,  ligne 

de    Rliatchero-Serdobkak    et     Alkarsk- 

Pelrovak  (Bussie) 

Minisl^re  des  communicationi  (Japon)  . 
ChemiiiB  lie  ler  de  I'Eal  (Fnmce).      . 
Oreat  W'eelern  Railwav  (Grande- BrelSi^ne). 
Clugher  Valle;^  Railirn^  (OrBnde-Bretagnef  ■ 
London     mid      North     Western     RailwD}' 

(Graude-Brelagnej 

Chemins  de  fer  da  HIszane-Duralak,  ligne 

de  Tambov-Kamichine  (Ruttie)    .     . 
Cheinin  de  fer  de  Kier  Voronfige  (Russlf). 
Chemins  <Ie  fer  de  I'^tal  (ligne  de  la  fiul- 

liqile,  de  Pskov-Riga  el  du  port  de  Sainl- 

Pftlerabourpj  (Riwaie) 

Oreat    Soulbern     and     Weatern    Rail<iraf 

(tirandfl-Bretagne)    ....... 

Orent  Northern  Ruiln-nj'  [Orande-BrelJigne]. 

Tramways  de  Turin  (llalie)  .     .     .      . 
London,  Drighlon  and  South  CosbI  Rsilimy 

(Ornnde  Brelagne) '. 

Premiere  Soci^tA  dea  chemins  de  fer  aecon- 

duires  en  Ruaxie 

Caledoiiiun  nailway  (Oronde-Bretagne)  .     . 
Chamin  de  for  de  Cbaunj-  a  Salnl-Oobain 


(Fra 


X)  . 


Cbemina  de  fer  de  I'ljlat  (France).     .      . 

Denver  and  Rio  Grande  Railwar  (^lols-Unis 
d'Am^riqup) 

CoDimisaiun  internalionale  du  Congi'ig  et 
Cbemiii  de  fer  du  Nord  Empereur  Ferdi- 
nand (Aulrichej 

Cilv  and  South  London  Railivny  (Orande- 
Urelagne) 

Rlnmdil.i  uud  Swansea  Boy  Railway  (Grande- 
Brelfffnc) 

Qiemina  de  fer  de  I  Etat  (Suede) .      .      , 

Great  Northern  a<id  Midland  join!  lines 
Committee  (Grande- Brelagne) .      .      . 
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487 

488 
489 
490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

502 

503 
304 
505 

506 
507 

508 

509 

510 
511 
512 
513 
514 

515 
516 
517 

518 
519 


ADMINISTRATION  D^L^OANTE. 
(DELEGATED  BY.) 


Johnson  (JoIid)  .     . 

johxsox  (r.).  .  . 
Johnson  (S.  W.).  . 
Johnston  (Captain  J.  G 

JoLY  (Ch.  db)  .  . 

JOUBDAIN  .... 


JUNCADBLLA  (Rodolfo) 

Just  (Gonradin  F.)  . 
Kamph  (Oscar)   . 
Kandaouboff  (D.  P  ) 
Kanb  (Lieut.-Gol.)  . 
KABo(Filix).     .     . 
Kbhob  (W.  Y.)  .     . 
Kenlt  (John  R.) 
Kepesst  (le  D^  Stefan) 
Kbr  (Charles  Buchanan) 


) 


Kerbedz(S). 
Kbromnes 
Kbrr  (J.  R.). 


Kessels  (T.  G.) 
Khitrovo 


KiNTORE  (the  Earl  of)   . 

KiRSCH  (Leopold; 

KiTCHiNO  (Albert  George)  . 
KiTsoN  (Sir  James) . 
Klemmino  (Victor;  . 

KNAUFF(Fr.)       .       .       .       . 

Kniaziolucki  (le  D'  Cheva- 
lier SeT«rin  vox). 

Kohl  (Ernst) 

KoLOSZVARY  (Victor  vox)   . 
KorrrKi.N  (Nicolas). 

Kossuth 

KouNiTfKY  (Stani^las  de)    . 


Chemin  de  fer  Frdvi-Ludvika  et  Bangham- 

mar  Kloten  (Su^e) 

Great  Northern  Railway  (Grande-Bretagne). 
Midland  Railway  (Grande-Brelagne) 
London  and  South  Western  Railway  (Grande- 

Bretagne) 

Compagnie  g^n^rale  de  chemius  de  fer  bri- 

siliens  (Br^sil) 

Chemin  de  fer  de  Saint-Quentin  a  Guise 

(France) 

Chemins  de  fer  et  mines  de  San  Juan  de  las 

Abadesas  (Espague) 

D^partement  des  chemins  de  fer  et  canaux 

du  Dominion  du  Canada 

Chemin    de   fer   de  Palsboda-Finspor.g  et 

Finspong-Norsholm  (SuMe)     .      .     .     . 
Chemins  de  fer  de  Riazane-Ouralsk,  ligne 

de  Pokrovsk-Ouralsk  (Russie) .... 
Victoria  Sidney  Esquimaux  and  Nanaimo 

Railway  of  Canada 

Chemins    de  fer  de   la    Sicile   occidentale 

(Italie)     

Illinois  Central  Railway  (^tats-Unis  d'Am^- 

rique) ^   .      .      . 

American  Railway  Association  (I^lats-Unis 

d'Am^rique) 

Chemin  de  fer  de  Nagy-Kikinda  a  Nagy- 

Becskerek  (Hongrie) 

Buenos-Ayres  and  Ensenada  Port  Railway 

(R^publiquc  Argentine) 

Chemin  de  fer  Vladicaucase  (Russie).     . 
Chemin  de  fer  du  Nord  (France).     .      .     . 
Cork,   Bandon  and   South   Coast  Railway 

(Royaume    uni    de   Grande- Bretagne    et 

d'Irlande) 

Association  des  Tramways  italiens  (Italie)  . 
Minist^re    des    finances    (d6partement   des 

affnires  de  chemins  de  fer)  (Russie)     . 
Great  North  of  Scotland  Railway  (Grande- 

Bretagne) 

Chemin  de  fer  d'Anvers  a  Rotterdam  (Bel- 

gique) 

Mersey  Railway  (Grande-Bretagne)  .  .  . 
Norlh  Eastern  Railway  (Grande-Bretagne) . 
Chemins  de  fer  de  I'^tat  (Su^e)  .... 
Tramways  de  Moscou  (Rutsie)  .... 
Chemins  de  fer  de  TP^tiit  (Autriche)  .      .     . 

Chemin  de  fer  de  Weimar  G^ra  (Allcmagne). 
Chemins  de  fer  de  Tlitat  (Autriche)  .  .  . 
Minist(>re    des    voies    de    communication 

(Russie)   . 

Chemins  de  fer  de  la  Mdditerrande  (Italie)  . 
Ministt^re    des    voies    de    communication 

(Russie) 
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2 


4<&5 

3 
3<&4 
... 
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3 
2 


1A5 
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4 
1<&3 


2 
5 
4 

1 
3d4 
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KowAl-EKi  (Alfred  Mtrie) 


KowALfKi  (CbBrles). 

KozLovsKi  (Alexandre  de 
KOZLOWSKI  (LtdisiRS)     . 

KHKm.NQ  (C.  E.)      .     . 


asei.T  (Anion) 

«P3(Q.)     .       . 


Lambert  (Hsnrj) 
Laupdokam  ■     . 


Lmj  (iBMarijuis  nuj. 


Leber  (Mjii  EdUr  vns). 


Le  CR4TKI.ICII       .       . 

Lkpsuvke  .     . 

oKTTiLienleii'E.  H, 


Chemin  de  fer  de  Bine- Quel  ma  H  prolonge- 

nieats  (Algf  rie)  el  chsmin  de  fer  de  Dakm: 

s  SHiul-Louis  (3AD«gal).      ...._. 
CliiininB  de   fer  de  Paris  A  Ljon  et  a  1i 

M6dil«rran^  (Frtaev) 

ClKinins  de  fer  de  Novgorod  (Eusaie) 
Chemios  de  fer  d*  to  Vistule  (Itussie) .      . 
Clieniins  de  Ter  de  Moscoa-Brest  (Ruule) 
MiaiaUra  des  ImTiiut  publics   el  chemiDi 

de  fer  de  i'fitnt  (Norv*ge)     ,     .     .      .      , 
Compagnis    iiierlaDdRJEe   Eud-afrirnine    de 

cliemiBsdarer  (Pajs-Bss  et  colooiee) . 
ClieniinBderBrSail-EstpruEsien(Alleinagiie) 
SuulUern     rndrtc     Builruad     i&Mt  Lai 

d'Amteique) 

ChMiiiiidelerdeLadt(Riimie)  .  .  . 
Cliemins  ds  fecde  I'Blol  (Aulricbe)  .  . 
8oeiiU   g^^mle  da  clietnjiis  de  ler  iaaao- 

tniqii*a(Ile[^'qiie| 

'"  '      '      de   Dombrova  Ivangoroti 


Minii^ 


i.) 


lie  rinduslrie,  dei 
poslei  et  des  Ul^graptiea  iFronce). 

Section  na^uiiie  el  Qrest  Weslern  RnilwAi 
(Grande-BreWgqo) '. 

ConinitBBion  iiilornnlioiinle  du  CangrOa  el 
cliemJDs  da  fer  de  la  M^dilerranie  ([[a!ie|, 

Chemin  de  fer  de  Malines-Teroeuien  (Bel- 

S'tC") 

CljBiiiiiisdaferde  rEal(Fr»uce].      .     .     . 
Cliemin  deferd'Yrerdon  kS'^-Croii(Suinse). 
Midland  Hailnn;  (Orande-Brelagne).     . 
Cbeiaios  de  fer  de  rOneat  [Ei'rance)  . 
CiieminB  de  fer  et  mines  de  Sua  Jiun  de  Its 

Abudes&i  lEspagiie) 

CUinl.del'erdeLolland-PaUler(Doneina 
Compftgiiie  fraoco-alg^rienne  (Alg^rie)  . 
CbemiiiS  de  fer  de  I'Uuest  (France)  .  . 
Cliemins  de  fer  da  Paris- Ly on- M^di terra n^ 

(r*seau  alp*rien).   ^ 

Cliemins  de  I'er  da  I'Elat  (Frnnce) 
Chemins  da  I'erde  Riaznae-Ouralek  .Ijgnede 

P<.lLravBk.0uralak{RuB3ie) 

Cltemins  de  fer  de  la  Flandre  oceidentsle 

(Balgique) 

ClininiiMtou   inleranlionale  du  C-ongr^s   et 

Uinisl^re  du  commeree  (Autricbe).     . 
CheaiindeferOnindCenlrBlB«lge(Belgique). 
Soci^l^  na  lionnledes  cliemins  de  fer  Tictnaui 

iBelgnque)      . 

Compagnie  inlerna  lion  ale  des  wogons-ltls  el 

des  grands  eipress  europ^ens  (Belgique). 
Miuislire  des  Iravam  publics  (Francei  .  . 
MiniaUre  das  trataui  publics  (France)  .  . 
Uinisl«re  du  commerce  (Boird  of  TVadr) 

(RoyaumeuuideGr.-Brelapiieeld'lrlnEidej. 
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Los  Angeles  Terminal  Railway  (^tats-Unis 

d'Am^rique) 

Ghemins  de  fer  da  Nord  Empereur  FerJi- 

nand  (Aulriche) 

Ghemins    de    fer    Guillaume  -  Luxembourg 

(Luxembourg) 

Cbemios  de  fer  de  Madrid  a  Saragoise  et  k 

Alicante  (E^pagne) 

Soci^td  g^n^rale  des  chemins  de  fer  ^ono- 

miques  (France! 

Soci^td  g^n^rale  des  chemins  de  fer  ^cono- 

mi(^es  (France) 

Gberom  de  fer  Sassuolo-Modena-Mirandola 

et  Finale  (Italie). 

Cbemin  de  fer  de  Madrid  A  Sarogosse  et  a 

Alicante  (Espagne) 

Chemins  de  fer  de  Moscou-Bresl  (Russie). 
Chemin  de  fer  Nord-Ouest   autrichien  efc 

jonction  Sud-Nord  allemande  (Autriche). 
Compagnie    g^n^rale   des   chemins  de  £er 

secondaire?  (Belgique) 

Chemin  de  fer  de  iCiev-Voron^e  et  Tram- 
ways de  Moscou  (Russie)    .  ... 
Minist^re  des  (ravaux  publics  (France)  . 
Chemin  de  fer  de  Vinkovce  a  Brcka  (Hongrie). 

Chemin  de  fer  de  Madrid  a  Saragosse  et  a 
Alicante  (Espa^e) 

Bnenos-Ayres  Great  Southern  Railway 
(R^publique  Argentine) 

Cbemm  de  ler  Nord-Ouest  autrichien  et 
jooction  sud-nord  allemande  (Autriche)   . 

Soci^td  vi^nitienne  pour  entreprises  et  con- 
structions publiques  (Italie)     .... 

Soci^te  vtoitienne  pour  entreprises  et  con- 
structions publiques  (Italie)      .... 

Chemin  de  fer  Safisuolo-Modena-Mirandola 
et  Finale  (Italie) 

Chemin  de  fer  de  TEntre-Sambre-et  Meuse 
(Belgique)      . 

Buenos -Ayres  Great  Southern  Railway 
(R^ublique  Argentine).     ... 

Soei^  des  chemins  de  fer  des  Indes  neer- 
landaises 

Commission  intemaiionale  du  Congr^s,  Mi- 
nisters du  commerce  et  chem.  de  fer  de 
r^tat  (Hongrie) 

Rhymney  Railway  (Grande-Bretagnej    . 

Chemins  de  fer  de  Paris  a  Lyon  et  a  la 
MMiierran^  (Prance) 

Tramways  k  vapeur  de  Bielia  H  Vercelli 
(Italie) 

East  Indian  Railway  (Grande -Bretagne    et 

ooloniae)  •     •     •     •     / 

Pennsylyania  Railroad  (Btats-Unis  d'Ame- 
rique) 
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556 

557 

558 

559 

560 

561 

562 

563 

564 
565 

566 

567 

568 

569 

570 
571 
572 
573 
574 
575 
576 
577 
578 
579 

580 
581 

582 

583 
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LftiGHTON  (Geo  B.)  .     .     . 

Lbnz  (Alfr«d  YON)    .     .     . 

Letelubb  (BCaimce)     .     . 

Lbtona  (Joaquin  L.  Lopez 

de). 
Lbvel  (^mile)    .... 

Level  (Georges).     .     .     . 

Levi  (Psdfico)   .... 

Li^vi-Alvabbs  (Albert). 

LlAMINE 

LiEBio    (Jofaann     Freiherr 

von). 
Li^2«aet(P.) 

LlKHATCHEV  (T.  A.).       .       . 

Linder 

LiNDHEiif  (le  Chevalier  Er- 
nest db). 
Lisle  (Ren^) 

LiVESBT  (James).     .     . 

Lob  (Louis) 

LocATBLLO  (Ferdinando) 

LoLEo  (Bartholomto)    .  . 

LoBiA  (Leonardo)     .     .  . 

Louis  (Edmond).     .     .  . 

LOVEDAT  (H.  H.)     .      .  . 

LucABDa(G.  F.)    .     .  . 

LuDvioH  (Jules) .     .     .  . 

LuNDiE  (Cornelius)  .     .     . 
LUUYT      

Mabillb  (Val^re)    .     .     . 

Mackat  (Sir  James).     .     . 

McCbba  (James).     .     .     . 


2A5 
1  A2 
3<i4 
l<i5 

5 
3<i5 

5 

l,3*<fe4 
4 
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4 
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McD0NAl.D  'J,  A.) 

McEwANCWm,), 

M*UI.URE  (J.).        . 

Mais.      .     .     . 


Maqin 


sfjan 


»P) 


Mahi.  (William).      .     . 
Makins  (Col.  W.  E.)    . 


Mahci  (Henrj  S,)    . 


Mabie 

Mawnuln  (Major  K.  A.J. 


Maiitoiieli.i  (FronrcEco)     . 

Massa 

Ma'BJRU 

MASao  (Antonio).     .     .      . 

Masson  (Owrge.)    .     .     , 

Ma5t|J,) 

Matiot 

Mattiiei  (Alphouse).     .      . 

Hauokb 

Maubm 

Mateb 

MlLLOB  (Cglontl  J.J). 


Midland  Railway  (Qrande-Brebigiie). 
Culedonian  Railwa;^  (Orande-Bretogne)  . 
Section  anglaiee  et  Manchester,  Sheffield  and 

Lincolnsbire  Railway  (Qrande-Brelagne). 
Tramways   il   Tapeur   inlerprovinciam     ' 

MilBn-Bereame-Crimone  (Italle)   .     . 
Chemins  de  fei-  da  I'Btat  (lignes  Sud-Oueat) 

(Russia) 

E'lstern  Pacific  Railroad  (Etab-Uni»  d'Am6- 

OrcBl  Eaaleni  Railway  (Onnde-Bretsgrie)  . 
Beirasl    and    Norlhern    Coanlies    RaiUay 

(Ro^aumeunideOr.-Brelagneatd'Irlunde) 
Cliemins  de  fcr  dc  la  vallte  da  Siamos  (Hoii- 

grie) 

Cliemins    de    fer    de    Uoscou-Jaroslav    et 

ArkhangeUk  (Rusaic) 

Miniature  (let  Irataui  publics  et  chemina  de 

fer  ds  riit.ll  (Roumanie) 

Cliemini  de  fer  de  In  MMiterrsn^  (Italre). 
Filclibmg- Railroad  (iJlals-Unisd'Amiriipie). 
Cbemins  de  fer  de  Paris  a  Lyon  el  A  la 

M*(literran6e  (France) 

Chemiii  de  fer  du  Nord  (France)  .... 
Chemina  de  fer  de  I'Oueat  (Francp)   .     , 
Miniature  du  commerce  {Boaril  of  Trade) 

(Royaume    uni    da    Orande-Bretagne   el 

d'lrl^nde) 

Clieaiins  de  fer  de  Tarrsgone  k  Borcelone  et 

u  Is  France  (Eapagae) 

ChemiQ  de  fer  de  Kiev-Voron»ge(Rue»ie)  . 
Bengal  and  Norlh  Western  HBilway  (Empire 

des  Indes) 

Tramways   ii   vapour    iulerprovinciaui   de 

Milan-Bergame-Cr«mone(Ilalie)  .  .  . 
Cliemin  de  fer  Rubaltlno  (Tuoia-fiardo  La 

Ooulelte.  Marsa)  (Tuniiie) 

Commission   Internationale  du   Congris  et 

rliemins  de  fer  de  la  MMiterrsn^  (Italic). 
UJni8t*re  des  Irarnui  publics  (France)  ,  . 
ClicminideferdeMedinadclCainpoAZamor* 

y  de  Oreuae  d  Vigo  (Eipagne)  .... 
Chemin  de  fer  de  oTion  am  Rocbera  de  Nsje 

(Suisse) 

Chemia  de  fer  Central  sulase 

Cbcmin*  de  fer  de  I'l^lnl  (l-'rance).  .  .  . 
Chemia  de  ler  de  TEst  beige  (Belgique)  .  , 
Compagnie  Pranco-algiriennB  (Algirie).  . 
Cheminsde  fer  du  Midi  (France).  .  ,  . 
Chemins  de  fer  de  I'Eat  algirien  (Alg^rie)  . 
Cliemiue  do  ferdeMoacou-KnianefRussie). 
Commtsaion  tnlernationale  du  Congr^a  (Rap- 
porteur)    

South  Eastern  Railway  (O ran de-Bretagne)  . 
Trainnnys  A  rapeur  de  la  province  d'Alexaii- 

drie(llalie] 
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SECTIONS. 


621 

623 
624 

623 
626 
627 

628 

629 
630 

631 

632 

633 

634 
635 
636 

637 

638 
639 

640 

641 

642 

643 

644 


645 
646 
647 


648 
649 
650 
651 
652 


Mblvillb  (William). 
Mbrcbron     .     . 


•  • 


Mbrcxer  db  Molin  (J.  J.)« 
Merrick  (William).     .     . 

Mestreit  (Victor)    .     .     . 

Michel  (G.) 

Michel  (Jules)    .... 

MicuELBT  (Guslave).     .     . 

MiouoRBTTi  (le  C^  Albert). 
Miles  (G.S.) 


Mills  (W.  H.) 

MOPFATT  (W.) 
MOFFRB     .       . 


MOISE 

MoNTEPiORB  Levi 
MoNTESiNo  (Cyp.  Segundo). 

MONTOOMBRY  (Hugh  DE  FeL- 

LENBERO). 
MORANDIBRB  . 
MORAWETZ   ((^rlteS) 

Morgan  (John)  . 
Morris  (Israel  W.) 
MoTT  (Basil).     . 
Mott(C.G.).     . 
MoTTE  (Lucien)  . 

Moyaux  (Aui^us(e) 
MoYAUx(Lton)  . 
MoNDELLA  (the  Right  Hon. 
A.  I.). 

Murphy  (John  J.)    .     .     . 

Naoelmackers  (Georges) 

Nathan  (Adolphe)   . 

Navarro  (Antonio  Jose  An- 

tunes). 
Navone  (Guilio).     .     . 


Glasgow  and  Southwestern  Railway  (Grandc- 
Bretagne) 

Compagnie  Meusienne  de  chemins  de  fer 
(France) 

Chemin  de  fer  de  Lausanne  Ouchy  (Suisse). 

East  and  West  Junction  and  Stratford-upon- 
Avon  Railway  (Grande-Bretagne) . 

Chemins  de  fer  ^conomiques  du  Nord  (France) 

Chemins  de  fer  de  Paris  a  Orleans  (France). 

Chemins  de  fer  de  Paris  u  Lyon  et  a  la 
M^dilerrante  (r^eau  alg^rien).     .     . 

Compagnie  g^n^rale  des  chemins  de  fer 
secondaires  (Belgique)  .... 

Chemins  de  fer  de  la  Sicile  (Icalie)    .      .     . 

Southern  Pacific  Railroad  (Etats-Unis 
d'Am6rique) 

Great  Northern  Railway  Ireland  (Royaume 
uni  de  Grande-Bretagne  et  d'Irlande)  . 

Great  North  of  Scotland  Railway  (Grande- 
Bretagne)      

Chemins  de  fer  d'int^rdt  local  du  d^arte- 
ment  des  Landes  (France) 

Chemins  de  fer  de  I'Ouest  (France)  . 

Chemin  de  fer  Grand  Central  Beige  . 

Chemin  de  fer  de  Madrid  k  Saragosse  et  u 
Alicante  (Espagne) 

Clogher  Valley  Railway  (Grande-Bretagne) . 

Chemins  de  fer  de  I'Ouest  (France)   . 

Compagnie  d'exploitation  des  chemins  fer 
Urientaux  (Turquie) 

London,  Chatham  and  Dover  Railway 
(Grande-Bretagne) 

Lehigh  Valley  Railroad  (^tats-Uuis  d*Ame- 
rique) 

City  and  South  London  Railway  (Grande- 
Bretagne) • 

Great  Western  Railway  (Grande-Bretagne) 
et  Midland  Uruguay  Railway  (Uruguay). 

Minist^re  des  chemins  de  fer,  postes  et 
t61^raphes  et  chemins  de  fer  de  T^tat 
(Belgique) 

Chemins  de  fer  de  TApennin  Central  (Italie). 

Chemins  de  fer  de  TApennin  Central  (Italie). 

Minist^re  du  commerce  {Board  of  Trade) 
(Royaume  uni  de  Grande-Bretagne  et 
d'Irlande) 

Waterford  and  Limerick  Railway  (Grande- 
Bretagne) 

Compagnie  Internationale  des  wagons-lits  et 
des  grands  express  europ^ns  (Belgique). 

Soci^t^  anonyme  nationale  de  tramways  et  de 
chemins  de  fer  (Italie) 

Chemins  de  fer  de  T^tat  (Portugal)  .     .     . 

Chemins  de  fer  secondaires  remains  (Italie). 


i<&3 

5 

4<&5 

1,2,3 A  4 
5 
4 

1 

5 
4- 


4<&5 

i,  2<&3 

ld4 

4 


5 

2« 

•  •  • 

3 

4 

2 

2<&5 


ld3 
5 


2<&5 

4 

3<&4 

1 
4d5 
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Ill 

NOU.  (NAME.) 

ADMINISTRATION  DISl^OANTE, 

(DELEGATED  BY.) 

SECTIONS. 

(lo3 

New  (A.) 

Compajnie  inlernnlionale  dcs  wsgoaa-Iila  el 

(lea  granils  eiprew  europiens  (Belgique). 

3 

654 

Nkele  (George  P.).      .      . 

London  and  North 'Western  Railw.nj(OrBn(lc- 

1.  2,  3,  4  A  5 

Nbele«a.ns  (Alfred),      .     . 

Chemin    de    fer    de    Qnnd-Eecloo-Bruges 
{Belgique) 

630 
657 

Neelem*ns  (I^is),      .     . 
Neild(F.I 

3 

Genlrni     Argentine    Railway    (Republique 

658 

NEILD(a.J.) 

Buenos-A^ies    Oreat    Soulberji     RoiliFaj 

4  &5 

659 

NEMiiNl:!  {Ambroise)     ,     . 

Chemm  de  ler  d'inl*Ml  loml  du  Siilagjsig 

(Honp-ie) 

Great  Northern  and  Great  Eastern  Railwaj 

660 

Companies'   Joint    Committee    (Qreode- 

Bretagne) 

1,3*  4 

Nedjean  (Xavier)    .      ,      . 

Chemin  de  fer  d  Anvera  a  Rollerdam  (Bel- 

66! 

NBWiO>-(P.) 

Carlageiia  Magdnlena  Railway  (Colombie)    . 
North  London  Railw.iy  (Grande-Bretagne). 

4 

663 

Newtow  (George  BolUad). 

3 

064 

NmvToN  (H.  Cecil)  .     .      . 

London,    Tilbury    cud  Southend    Railway 

(Oranda-Bretagne) 

3.  4>S:  5 

NlCOL,l.l01  (CODSl.  P.)      .        . 

(Ortce) 

666 

NlSLS 

MiniBlere  de»  cbemins  de  fer.  poslu  et  t*l*- 
graphea  el  cbeniins  de  fer  de  TElat  (Bel- 

NlBBSTSASI  (N,  K.).       .       . 

(Orande-Bretigne)    .   - 

3 

Nloond 

Chemins  de  fer  de  Paris  i^  Orliana  (France). 

NlKITINK  (A,) 

Premiire  Society  dee  chemins  dc  fer  i>econ- 

671 

NlKLAWIH 

Cheinina  de  fer  do  I'BUl  de  Finlande  (RuaaieA 

3 

NlVEL(J.K) 

Hacitti  pour  leiploilalion  des  cliemina  de  fer 
de  I'BUI  n«ei'lBBClais  (Pays-Boa)    .     .      . 

NOBLEUAIAE 

chemins  de  fer  de  Paris  a  Lyon  et  t.  la 
Medilermnie  (France) 

4 

674 

675 

NOHDMAS 

Nu"B    (3.    Eic.    BogtiM 

PsCbB). 

d'Aleiandrie  (Egvpte) 

£&3 

0*iiLET[Sir  Henry).     .     , 

Section  anglaiw:  et  Oreat  Nortltei-n  Railway 

(Oranda-Bretagne) 

1,B,  3,  4&5 

Che^  de  fer  Vlodicaucns.^  (RuHio).     .      . 

2 
S&4 

679 

OKonLncufB.)  .... 

OUNCXfl'ierj 

MiniBtftredoslraTBui  publics  (Siain).     .      . 
Chcmina  da  fer  de  la  Vialule  (Russie)     .      . 

4 

681 

1  &i 

682 

Olmbwski  (Slauislaaj    .      , 

Chemin     de     fer   de    Dombrova-lvangorod 
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683 

684 
6S5 
686 
687 
688 
689 

690 
691 
692 

693 

694 
695 

696 

697 
698 
699 

700 

701 

702 

703 

704 

705 

706 

707 

708 
709 

710 

711 

712 

713 
714 
715 


ADMINISTRATION  D^L^GAXTE. 
(DELEGATED  BY.) 


Ommannet  (Sir  Montogu)  . 


Orb  AN  (Ldon) 
Orbns 

Orr(H.H)  . 
Orsjsl.  ,  . 
Ottolbnohi  . 
OTWAY(the  Rig^ht  Hon 

Arthur). 
OuTiNB  (Jacques) 
OwKN  (George)  . 

OWBNS(C.  J.)      .       . 


Pa  ceo  (Aim^)     . 

Pader      .... 
PAorr  (G.  E  )     .      . 

Pallavicini   (Son   Exc 
Margrare  Alexander) 
Panzarasa  (Alessandro) 
Pare.nt    . 
Parish  (Frank) 


Park  (G.  A.). 
Parker  (J.  G.) 
Parses  (R.  A.) 
Pattin     . 


Paoer  (Francois) 
Payxe-Sheares  (T.  W.) 

Peace  (Waller)  .     . 

Pearson  (Harry).     . 

Pease  (Sir  Jos.  W.). 
Peemans  (H.)     . 


Pelle. 


Pblleorim  (Adolphe) 

Pelletan  (Andr6)    . 

Perbire  (Emile). 
Pereire  (Maurice)   . 
Perevoznikofp  (M.). 


Sir 


le 


Minisliire  du  commerce  {Board  of  Trade) 

CRoyaume    uni   de   Grande-Bretagne    et 

d'Irlande) 

Chemin  de  fer  du  Nord  de  la  Belgique  . 
Chemins  de  fer  du  Calvados  (France).     . 

Seclion  anglaise 

Miuist^re  dts  travaux  publics  (France)  . 
Ministt^re  des  travaux  publics  (Italie)  . 
Section  anglaise  el  London,  Brighton  and 

South  Coast  Railway  (Grande-Bretagne) 
Cbemins  de  fer  de  Rybinsk-Bologoe  (Russia) 
Cambrian  Railways  (Grande-Bretagne)  . 
London  and  South  Western  Railway  (Grande 

Bretagne) 

Tramways  a  vapeur  de  la  province  d'Alexan 

drie  (Italic) 

Chemins  de  fer  de  Paris  a  Orleans  (France) 
Manchester,    Sheffield   and    Midland   Joint 

Committee  (Grande-Bretagne)  .     . 
Chemins  de  fer  du  Nord  Empereur  Ferdi 

nand  (Aulrichej 

Tramways  de  la  province  de  Florence  (Ilalie) 

Chemins  de  fer  de  rfi!tat  (France) 

Buenos -Ayres    Great    Sjutbern    Railway 

(R^publique  Argentine) 

Loudon  and  North  Western  Railway  (Grande- 
Bretagne) 

New  York,  New  Haven  and  Hartford  Rail 

way  (^tats-Unis  d'Am6rique)  . 
Tralee  and  Dingle  Light  Railway  (Grande 

Bretagne) 

Compagnie  Meusienne  de  chemins  de  fer 

(France) 

Soci^t^  autrichienne-hongroise  des  chemins 

de  fer  de  I'^lal  (Autriche)  .... 
Cork,   Bandon  and  South  Coast    Railway 

(Royaume   uni    de   Grande-Bretagne   et 

d'Irlande) 

Agence   g^n^rale   de   la  colonie  de   Natal 

(Grande-Bretagne  et  colonies)  .... 
New  York,  Ontario  and  Western  Railway 

(iStats-Unis  d'Am^rique) 

North  Eastern  Railway  (Grande-Brelagne). 
Chemin  de  fer  de  Valence  et  Aragon  (Es- 

pagne) 

Minist^re  du  commerce,  de  Tindustrie,  des 

postes  et  des  t^l^aphes  (France)  . 
Chemin  de  fer  central  et  tramways  du  Cana- 

v^se  (Italie) 

Ministdre  du  commerce,  de  Tindustrie,  des 

postes  et  des  t^ldgraphes  (France). 
Chemins  de  fer  du  Nord  de  I'Espagne     . 
Chemins  de  fer  du  Nord  de  I'Espagne     . 
Chemins  de  fer  de  I'Etat.  ligne  de  Riga-Orel 

(Russie) 


SECTIONS, 


5 
5 
3 


4 

3<&4 

3,  4  d  5 


5 


5 
2 
2 

1.  2,  3,  4  <fe  5 

2 

5 

1,  SSio 

5 

2 


1,  2^3,  4  d  5 
3<&4 


5 
3d5 
2&i 

•  •  • 

•  •  • 
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Pkiik(H.A.)-     -     ■ 
Pbbl  (Louis  db)  .      . 

pBBonsE  (D.).     .      . 

s8oN(MiijJrP.) 
P^TAovir  (Nicolas  db) 
Peyboo  (Prosper)  . 
Puiupp: 

Pbiuppson  (p.) .      , 

PhII.UPP9(W.  D)      . 

PicARD  (Alfred)  .     . 
PickRti  {Rent)     .     . 

PlCKEBSOlLLfWilliaDl] 

PicoT  {George*) .     . 

PlHl.(C.) 

PlOT 

Fl«kida  (Aleiandre)      .      . 

Planib  (Claudiu)     .     .     . 

PLIKCHEB  (H«nrj)  . 

Pl*tt(C.  H,)    .     .     .     . 

iD[TheHou.Tlnjm.) 

Plkws  (Henrv)  .... 
Ploco  (Erneft)    .     .      .     . 

T  (The  Riglit  Hon. 
D.  R.). 

POIDATI  (A.) 


Soci^tA  pour  reiploitition  dea  chemins  de  fer 

de  I'Etat  neerlaiidais(ra}^-Bag)     .      . 
Commission  internalioniilB  du  CongiAs 

Minut^re   liea    voies   de   cominuiiicttiOD 

(Bus     . 
Chemins    de   fer   otLomaas   de    Bejroutb- 

Damas-Huursn  iTurquief 

des  chemins  de  for  ituliens  d'inUr6t 

locnl  (llalie) 

Chemiiis  de  far  de   Norsholm-Weslervili- 

Hullfefred  (SuMe) 

Commission  inlernitionnla  du  Coiigris  . 
Cheminde  ferdel'E«l(Fran<;e)    .... 
Chemin  de  fer  de  Clii^asao  a  Irr^  (lUlie). 
Chemins  de  fer  de  t'OuesI  alt'^rien  (Aigin'e). 
ConimiKsiou  inlernBtionale  du   Congris  et 

chemins  de  fer  du  Nord  frniifaiji  (lignes 

Word  beiges)  (Belgiquc) 

Compagnie  des  cbemtus  de  fer  Sud-Ouesl 

brisilieus  (Br^il) 
Norlli  Slatfurdshire  Railwaj  (Orande-Bre- 

lagne) 

Commifsior.     interna  lion  ale    du     Congris. 

"'  *  "      '  -  ■  publics  el  MinisWre 


(Kra 


»). 


Cbetnina  de  fer  de  Paris  A  L;oii  et  k  1> 


*(Frn 


t) 


Oreat  North  of  Scotland  Railwaj  (Orande- 

Brelagne) 

Chemins  de  ferdu  Midi  fFraoce). 

Chemins  de   ler  du   Nord   franfnis  (lignes 

Nord  beiges)  (Belgique) 

Uinislire  des  Iraraui  publics  et  chemins  d 

fer  de  I'EInt  (Nor»^e) 

Belfastsnd  Count;  Down  Rail iT.iy(Royaum< 

Uni  de  Orande-Bretngiie  et  d'irlande)  , 
Cheminn  de  fer  d'inUrAl  local  du  departement 

dea  Landes  (France) 

Adminialralion  ceutrole  des  chemins  de  fer 


;(Rug 


Chemins  de  fer  de  Tarragone  a  Barcelone 

el  ft  la  Fraiite  (E^pagoo) 

Chemins    de   fer    m^ridioiiaui   (riseou   da 

l'Adrialique)(llalie). 

New  York,  New  Haven  nnd  Harlfurd  Railwa; 

(Elflls-Uiiisd'Amirique) 

Agence   gioirale    de    I'AuElralie   du    SucI 

(Grande  Brelagne  et  colonies)  .... 
0ml  Northern  Railwo;  (Qrande-Brelngne). 
Sociel*  gftn*fale  des  chemins  de  fer  Scono- 

mique»  (Prance) 

Nortli  LondoQ  Railwaj  et  London  and  Norlh 

Western  Rnilwnj  ( Grande- Bretngne)  .  . 
Chemindelerde  P ithi Tiers  (Loire t)  i  Tour; 

[Eure-el- Loire)  (France) 
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SECTIONS. 


745 
746 

747 

748 

749 

750 

751 

752 

753 
754 

755 

756 

757 

758 
759 
760 
76i 

768 

763 
764 

7^ 
766 
767 
768 


769 
770 

771 

772 

7*3 
774 

775 
776 


Pouakopf(L  T.) 
PoLLiTT  (Harry). 

PoLUTT  (William) 

PoLLONE  (Eugdne) 

PoifERANZOFF  (A.  A 
PONTIKN  . 


Portal  (W.S)  . 
PoscH  (Jules  db)  . 


PouROOLD  (Alexandre 
Powell  (Alfred). 


Prebce(H.  W.), 


Price  (Herbert  Rhj- 

Price  (Joseph)    . 

Prinzio  (l£douard) 
pRissE  (le  Baron) 
Prisse  (^ouard) 
Probst- LoTz  (E.). 

Proscouriakofp. 

pschbnbtzkt 
Pucci-Bandana  . 

Puia:iano  (Melckior) 
Raoice(E)  .     . 
Raincock  (Henry) 
Raiiaeckers.     . 


Ramsdkm  (F.  J.). 
Ramsey  (Lord  de) 

Randich  (Eugene) 

Rate  (L.  M.)      . 


Ratu  (Pierre  db) 

R  ATKOFF-  ROJ  NOFF 


Ratti  .     .     . 
Ravenez  ;L.)' 


DE 


) 


)  . 


Chemin  de  fer  de  Fastov  (Russie)  .  .  . 
Manchester,  Sheffield  and  Lincolnshire 
Railway  (Grande-Bretagoe)  .... 
Manchester,  Sheffield  and  Lincolnshire 
Railway  (Grande-Bretagne)  .... 
Ghemins  de  fer  secondaires  de  la  Sardaigne 

(Italie) 

Ghemins  de  fer  de  Riazane-Ouralsk  (ligae 

de  TamboT-Kamichine)  (Russie)    . 
Minisf^re  du  commerce,  de  Tindustrie,  dcs 

postes  et  des  t^l^raphes  (France). 
Section    anglaise    et    Lonaon    and    South 

Western  Railway  (Grande-Bretagne)  . 
Chemin  de  fer  d'int^r^t  local  du  Szilagysag 

(Hongrie) . 

Ghemins  de  fer  de  Rybinsk-BologoS  (Russie). 
Metropolitan    District    Railway    (Grande- 
Bretagne) 

Minist^re  du  commerce  {Board  of  Trade) 
(Royaume   uni    de   Grande-Brelagne  et 

d'Irlande) 

Brecon  and  Merthyr  Tydfil  Junction  Railway 

(Grande-Bretagne) 

New  York,  Ontario  and  Western  Railway 

(Etats-Unis  d'Am^rique) 

Chemin  dc  fer  Nord-Ouest  autrichien    . 
Commission  interna tionale  du  Congr^s  . 
Chemin  de  fer  d'Anvers  k  Gand  (Belgique)  . 
Chemin   de    fer  de    la   valine    de    Birsig 

(Suisse) 

Minist^re    des    voles    de    communication 

(Russie) 

Ghemins  de  fer  de  Moscou-Brest  (Russie)    . 
Chemin   de   fee  de   Turin-Pignerol-Torre- 

Pellice  (Italie) 

Chemin  de  fer  de  Chivasso  a  Ivr^a  (Italie)  . 
Association  des  tramways  ilaliens  (Italie)  . 
Brazil  Great  Southern  Railway  (Br^sil). 
Commission  Internationale  du  Congress,  Mi- 
nist^re  des  chemins  de  fer.  postes  et  td6- 
graphes  et  chem  de  fer  de  I'lStat  (Belgique) 
Furness  Railway  (Grande  Bretagne) 
Great   Northern  and   Midland  joint  lines* 

Committee  (Grande-Bretagne) . 
Chemins    de   fer   m^ridionauz   (r^seau    de 

TAdriatique)  (Italie) 

Chemins   de   fer   de    Lemberg-Czernowitz- 

Jassy  (Autriche) 

Chemin  de  fer  Kaschau-Oderberg  (Hongrie). 
Minist^re   des    finances    (d^partement    des 

affaires  de  chemins  de  fer)  (Russie)     . 
Chemins  de  fer  de  la  Mdditerran^  (Italie)  . 
Chemins  de  fer  de  Pithiviers    (Loiret)   a 
Toury  (Eure-et-Loire)  (France)     .     .     . 


4 

i,2A3 

1,2,  3d  4 

5 

•  •  • 

2,  3<&5 


3<&4 


3,  4<&5 


1, 

2,  3,  4  A  5 
1,  2&3 

•  •  • 

1  &i 
1.2&3 

1 

1 

2<&5 

... 

3,  4&5 
3d4 

1 


f  • 
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NOM.   (NAME.) 


Ree  (Frank) .  .  . 
TLiNOEB  (Nicolas) 
Rendel  (Sir  Alei.  M 
Rbhdkl(W.  S.).      . 


RiccHiuiDi  (Cbai'te*) 
iBocs  {Chsi'les] 


RiMONi  (PsulJ    . 
ROBQO  (Q.)     ■      ■ 

RouBiiTi  (Cbarle&i 
iKHTS  (Williamt 

ROBBRTBOS  (D.  J.) 

RonEBTSOM  [F,  E.) 
Robertson  (Q.  H.} 


RnHE 


N(Tho[i 


ROBISSOM  fWj)    , 

HoKDEBRR,      . 
aOK»)SIHOVXNlTBa«)N(T.A. 


RooNKTr*  [P.  BeucdettoJ 


Roas(Alai.)-      ■      -     - 
liRVEUT  (Jamw  R.)  . 

PHT-CHAUlHttUI        . 

Roa*  (Joai  Me^r|uilfl  Oa) 


London  anil  Norlli  WeBtern  Raila'flj(Grando- 
Brelogne) 

AduiiniKti'ntioa  Mtitnile  des  chemius  de  far 
(lerBUil(t)usEie) 

fM%i  IndiaD  Railway  (Oronde-BreUi^e  ■■( 
coloujca)  .  

East   Turiiun  Riilosy   (Omiide-Urabigne  e 

Uiaisldre  dm  IrarBui  publics  (France}  . 
Compagnie  franc»ix«  des   cbeiuiiis  at   (is 

Tiniiu^iena  (VGncniela)     .... 
Cbemins   d«    far   m^rldionaui    (ciseau   de 

t'Adriatique]  (Italic) 

ChcmiaB  de  fer  di  I'Etat  [ligae  de  Saint- 

Filersbourgi  VBr>om)  (Ruasie)  .     . 
Sori^t^  autrichienne-bciDgroise  dea  chemitia 

de  far  de  I'Elat  (Antinche}  .  .  . 
GlieminadB  ferde  rKtal{Dflneraarli). 
M  in  is  K  re  des  Iravaul  publics  (Kolie) 
Ule   u(   Uan    Railwlj    [Rayaume   un 

0  rande'Brete^ae  et  d'lrlnnde)  . 
Cliemlus  de   fer  de  I'Etal  (lignas  de  Saiot- 

rtkribourg  i  Varsonje)  (Ru»*ie)  .     .      . 
Cbemins  de  fer   da    la   Sicile   occideiitale 

iPuIerme,  Marsala,  Trapaiiildlalie)   . 
Tramwaje  i  vapeur  de   Biella  a   Vercelli 

(llalie)      

Biieiioa  Ayres  and  Eniiennrla  Port  BJiilivsj 

(R^publiiiue  Argentine). 

Bengal  aod  NuHh  Western  Railivay  (Bmpire 

des  liidea) 

Eail   Indian   Railway  (Grande- Bi'elngne  el 

colonirs) 

Liverpool  Overhead  Railway  (Orande-Bre- 

tagns) 

Gre.'it  Northern  Railway  (Ireland)  (Royauu 

uni  de  (trande-Brelagne et  d'lrlaiid«} . 
Co[nni>s8ioniiilernalirjaaleduCoagr^(Becr^ 
■npporlen  ■ 


Cbeiuiti defer  de  ceinture  dc  Paris  (France) 
Cliemin  de  fer  Uallandaia  (Pays-Bus).  .  . 
Tramwaye  a  Tipeilr  el  cbemins  de  ferticono- 

miques  de  la  province  de  Pise  (italie). 
Tramways  i  vapeuret  cbemins  de  tvr^aoao- 

miquei  dela  proTiuM  de  Pi<e(Italie|  .      . 
Cliemin  de  fer  du  Nordde  Milan  (lUlie).     . 
('heniin  de  ier  de  Aeggio-Biiiilia  (llalie). 
UinisUredo  coinnierce,  de  I'iadustrie,  des 

posies  et  des  Ultgrapbes  (Ernnce) , 
Cliemins  de  fer  de  t'Blal  (Suide)  .... 
Se<r«lanal  d'£!lot  (Blalo-Uniad'Amdriqnc). 

Tramways  aicil tens  (Italie) 

Compare   nationale  des   cliemiiis   de   Ter 

portugais 
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811  Rossi 

812  RouFFART  (Armand)      .     . 

813  Rowan 

814  RuBRicius  (Gfelestin)     .     . 

815  Rusgoni-Clerici  (J.) 

816  Rdssell  (Sir  George)    .     . 

817  ruxhbrford  (m.)     .     .     . 

818  Sabouret 

819  Sack(S.  T.) 

820  Sala  (Michel)     .... 

821  Salazar  (Luis)  .     .     .     . 

822  Salignt(A.) 

823  Salkoff 

824  Salome  (R.) 

825  Salt  (Thomas)   .     .     .     . 

826  Salva 

827  Sandberg(C.  P.)     .     .     . 

828  SANLL£HY(D.DomiQgoJuan) 

829  Sanmark(C.  G.).     .     .     . 

830  Saroeaunt  (Col.  R.  A.).     . 

831  SARLB(AUen) 

832  Sarrba  Prado  (Angelo  de). 

833  Sartiaux  (Eugene)  .     .     . 

834  Sassbn  (Georges)     . 

835  Sautaoe 

836  Sax  (D^  Emile)  .... 

837  SAY(L*on) 

838  ScALA  (Theodor  von)     .     . 

839  SCHAAR 

840  SCHLEMMER 

841  Schneider  (A.)  . 

842  SCUOTBL 

843  ScHRBiBER  (Alexandre  de)  . 

844  SCHRORDER 

845  ScHULB  (Francois)   . 

846  ScHULiR  (Oscar). 


Mioist^re  des  travaux  publics  (Italie)      .     . 
Chemins    de    fer    dconomiques    du    Nord 

(Prance) 

Coioapagnie  Franco- Alg^rienne  (Atg^rie) . 
Sociitd  autrichienne  hongroise  des  chemins 

de  fer  de  I'Eiat  (Autriche) 

Soci^t^  anonyme  nalionale  de  tramways  et 

de  chemins  de  fer  (Italie) 

Section  anglaise  et  South  Eastern  Railway 

(Grande- Breta^ne) 

Ekist  Indian  Railway  (Grande-Bretagne  et 

colonies) 

Chemins  de  fer  de  Paris  a  Orl^ns  (France). 
Ghemin  de  fer  de  Kiev-Voron^  (Russie)     . 
Chemins  de  fer  du  Nord  de  TEspagne     . 
Secretariat  des  communications  et  des  tra- 
vaux publics  (Mexique) 

Minist^re  des  travaux  publics  et  chemins  de 

fer  de  I'Etat  (Roumanie) 

Minist^re    des    voies    de    communication 

(Russie) 

Chemin  de  fer  Vladicaucase  (Russie) .     .     . 
North     Staffordshire      Railway     (Grande- 
Bretagne)      

Minist^re  des  travaux  pu))lics  (France)  . 
Chemins  de  fer  de  I'Elat  (Su^de)  .... 
Cbemin  de  fer  de  Medina  del  Campo  a  Zamora 

y  de  Orense  k  Vigo  (Espagne)  .... 
Chemins  de  fer  de  Borga-Kervo  (Russie)  . 
Secretariat  d'Etat  pour  I'empire  des  Indes 

(Grande-Bretagne  et  colonies)  .... 
London,  Brighton  and  South  Coast  Railway 

(Grande-Bretagne) 

Chemins  de  fer  de  I'Etat  dans  les  colonies 

(Portugal) 

Chemin  de  fer  du  Nord  (France) .... 
Tramways  i\  vapeur  piemonlais  (Italie)  . 
Chemins  de  fer  de  TOuest  (France)  . 
Chemin  de  fer  Nord-Ouest  autrichien    . 
Chemin  de  fer  du  Nord  (France) 
Chemins  de  fer  de  T^tat  (Autriche)  . 
Commission  Internationale  du  Congr^s,  Mi- 

nist^re  des  chemins  de  fer,  postes  et  leld- 

graphes  et  chem.  de  fer  de  I'Etat  (Belgique) 
Chemm  de  fer  de  B6ne-Guelma  et  prolon- 

gements  (r^seau  alg^rieu) 

Chemin  de  fer  de  Paris  a  Orleans  (France). 
Tramways  a  vapeur  de  Breskens-Maldegem 

(Pays-Bas) 

Chemins   de   fer  de    la   valine  de  Szamos 

(Hongrie).     .  

Compagnie  internatiouale  des  wagons-lits  et 

des  grands  express  europ^ens  (Belgique) . 
D^partement  des  postes  et  des  chemins  de  fer 

(Suisse) 

Chemins  de  fer  du  Sud  de  TAutriche  .     . 
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SCBCTZSN'HOFER  (Viclor) 

SciALOJA  (E^nrica)     .      . 
SciLLi  (le  prince  Rufib). 

ScoTT(A.)     .     .      . 

ScoTTRB  (Sir  Clinrles) 

Skqiib  (Epamtnoiidi) 
Sendxikowsiei     .     . 

S.Pi;LCH»E(Henrj}. 

Sddttliwobth  (Frauk  C.) 
SiLVA  (Manuel  Einygdio  da) 
(Frank).      . 


•,  (Fils)  . 


Slattmit  (Hanry  Francip). 

SuLTU    (Lieutennnt-Culoaal 

O^raid). 
Smith  (John  Hudson)     . 
Smrit  (J.  Parlor)    .     .     . 
Surrn     (Captain     Thooias 

Jamee). 


SoDscHCNBKT   (BaUhaesr 

Filix). 
SoTizA  O0UE8  (le  ConiKJlliT 

Joaquim  Pires  ie). 
Se^a>^oLKm^l.E.). 
Spanjaahd  (H  )  .     . 

Spa9C[ani  (A.)    .     . 


oaD(J.HO      .     . 
E  (Capilaine  A.  0.| 


Cbemins  de  fur  de  i'^lat  (Antrtche).  . 
Chetniiis  de  fer  de  tu  Sicile  (Italic)  .  . 
Cliemin   de   fer   Ilubjttiiio  (Tunis-Bavdo-b 

Ooulelte  Mar9a)(TunLsie) 

Chemins  de  fer  de  la  Ufiditerrante  (Italic)    . 
Londmi  and  South  \VeslevnRailwaj(Orainle- 

Bretagno) 

SvctioD  anglaiae  et  London  and  Soulb  'West- 
ern Rnilva;  (Ornnde-Bretagoe]     .      . 
Cliemins  de  far  Eardes(Itn1ie]. 
Ciiemini  de  fer  de  la  Vislule  (Ruesie)     . 
Tramways   a   vapeur  de  Biella  k  Vercetli 

(IWie) ,. 

Oreal  Northern  and  Great  Eastern  Railway 

Compaiiieu  joint  cominiltee(Gr.-Brelagne). 

Compagnie   nnlionale   des  cliemins   de   Ter 

portugais 

The  Conde  d'Eu  Railway  (Br^il)  .  . 
tlinistere  du  wulerslaat,  du  commerce  et  de 

Tiiiduslrie  (Paya-Bas)    ..... 

Cliemin  de  fer  du  Nord  (France)    .     . 

ChemiaE  de  fer  de  rElat,  lignei  de  Varsovie- 

Tereapol,  de    Brest-Kliolin,   da   Sedleti- 

MatkineetdeNarev{Rus8ie)   .... 

Brecon  and  Merlhjr  Tydfil  Junction  Railway 

(Orandc-Bretagne) 

Hull   Barneley  and  Weil  Biding  Junction 

Railway  (Orande-Bretarne) 

Rhyniney  Railway  (Oruntle-Bretagnej    .     . 

North  British  Railwny  (Orande-Brelagne)  . 

Midland  Great  Western  of  Ireland  Railway 

(Royaume    uni    de    Orande-Bretagne    ' ' 

d'lrlande) 

Chemins  de  fer  de  Paris  a  Orl^na  (France). 

(.'.omniission  Internationale  du   Congr^s  et 

MinisUre   des   voiet    de    comoiuaication 

(R""!') 

Minislcre    de:    voles    de    communicii 

Cheinina  de  ler  de  I'iilat  (Portugal). 

Orcat  Western  Railway  (Orande-Bretagne). 
Compagnie  pnur  I'eiploilation  des  cliemina 

de  ter  de  I'l^Iat  n^rlaiidata  (Pays-Baa) 
Chemins  de  ler  de  Suiiara*Fermra  (llalie) 
Compagnie  dea  chemins   de   Ter  Sud-Ouet 

lr4ailienB(Brisil) 

Midland  Railwoy  (QrsndeBretagne).  . 
Cbemin  de  fer  Grand  Central  Beige  (Bel- 

e'que) 

Lancashire  and  Yorkshire  Railway  (Orande- 

Bretagnej 

Chemina   de  fer   de   Norsholm-Westcriik- 

Ilultsfred  (Sn*de) 
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879 


m 

881 


883 
884 

885 

886 
887 


889 


891 
892 

893 

894 

895 
896 
897 


899 
900 

901 
902 

903 
904 


905 

906 

907 
90S 

909 

9i0 
911 
912 
913 
914 


Stalbbidob  (the  Right  Hon. 
Lord). 


Standbrtskjold  (CO.) 
Stanb  (Alois) 
Stsens  (Emile) 

Stkphbn  (0.  L.) 
Stern  (Isaac). 

Stbvbnson  (F.) 

Stifpson  (Emile) 
Stilbman  (Frank) 
Stirung  (Matthew) 

Stiruno  (P.) .  . 
Stoclbt  (Victor). 
Stopfbl  .  .  . 
Sthacbbt  (Lieut"'  gtn^  R.) 

Stbambio    db    Castillia 

(Giovanni) 
Stride  (Arthur  L.) .     . 


Suarbz(J.) 

Sorters  (Colonel  C.  F.).     . 
Suss  (Nathan)     .     .     .     . 

Sutherland  (His  Grace  the 

Duke  of). 
SvtENTZiTZKi  (Henri  de) 
Sttbkko 


SzAWTOwsKi  (Adam) 
Taldot  (Charles) 

Tanciev  (Paul  de)  . 
Tatlow  (Joseph).     . 


Taussig  (le  Chevalier  Theo- 
dore de). 
Taylor  (James  L  ).     .     . 

TCHERVINSKY  (S  )       . 

TcHocoLOPF  (Pelrovitch) 

Tegnbr    

Teissier 

Tbnnant  (Sir  Charles)  .     . 
Tennant  (Henry)     .     .     . 

Tebzi 

ToALT  (Emile  de)     .     .     . 


Commission  intemationale  du  Congr^s  et 
London  and  North  Western  Railway 
(Grande-Bretagne) 

Chemins  de  fer  de  Borga  KerTO  (Russie) 

Chemins  de  fer  de  TJ^tat  (Autriche)  .     . 

Tramways  et  chemins  de  fer  ^onomiques  de 
Rome,  Milan,  Bologne,  etc.  (Italic)    . 

North  London  Railway  (Grande-Bretagne) 

Tramways  A  vapeur  interprovinciaux  de 
Milan-Bergame-Crdmone  (Italie)   . 

London  and  Northwestern  Railway  (Grande- 
Bretagne).'    

Chemins  de  fer  de  TlStat  (Hongrie)    .     . 

Furness  Railway  (Grande-Bretagne).     . 

Hull  Barnsley  and  West  Riding  Junction 
Railway  (Grande-Bretagne) 

Great  Northern  Railway  (Grande-Bretagne) 

Chemin  de  fer  de  I'Est  de  Lyon  (France) 

Chemin  de  fer  du  Gothard  (Suisse)  .     . 

East  Indian  Railway  (Grande-Bretagne  et 
colonies) 

Chemins  de  fer  secondaires  romains  (Italie) 


London  Tilbury  and  Southend  Railway 
(Grande-Bretagne) 

Ministeredes  travaux  publics  (Bolivie)  . 

South  Eastern  Railway  (Grande-Bretagne) . 

Chemin  de  fer  de  Madrid  a  Saragosse  et  &. 
Alicante  (Espagne) 

London  and  North  Western  Railway  (Grande- 
Bretagne) 

Chemin  de  fer  de  Novgorod  (Russie).     . 

Minist^re  des  voies  de  communication 
(Russie) 

Chemin  de  fer  de  Varsovie-Vienne  (Russie) 

Neath  and  Brecon  Railway  (Grande-Bre- 
tagne)  

Chemin  de  fer  de  Novgorod  (Russie).     .     . 

Midland  Great  Western  of  Ireland  Railway 
(Royaume  uni  de  Grande-Bretagne  et 
d'lilande). 

Soci^t^  autrichienne-hongroise  des  chemins 
de  fer  de  I'Etat  (Autriche) 

Pennsylvania  Railroad  (l^tats-Unis  d'Am^- 
rique) 

Chemin  de  fer  Vladicaucase  (Russie).     . 

Chemin  de  fer  de  Moscou-Iaroslav  et 
Arkhangelsk  (Russie) 

Minist^re  de  I'int^rieur  el  des  travaux 
publics  (Danemark) 

Mi nist^re  ('es  travaux  publics  (France)  .     . 

North  British  Railway  (Grande-Bretagne)  . 

North  Eastern  Railway  (Grande-Bretagne)  . 

Chemin  de  fer  de  Suzzara-Ferrara  (Italie)  . 

Chemin  de  fer  do  Mohacs-Funfkirchen  (Hon- 
grie)    
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:uALY  {Sigianioiid}  . 
Tuou*s  (aiarlea)     . 

TllOMA9(J.  W.).       . 

TooHPaOTt  lA.  M.)    . 
Tnourson  (Jhhim)  . 


Thpmson  CniomaB  Frame] 


TJEroEN(C.  F.)  .      .      . 

T]rpisa(W.).     .     -     . 

.N*i  (Corn»l).     .     . 

ToBBEiia  (Oernrd  Pliili[i.) 

lodaDf  Anionic).     . 

ICE*  (John  M.)    .      . 


t  (Jowpb)   . 
ToWNB  (A.  N.)  -     -      - 


TneuiHFKLD    {1«    Cbe*al 
AJfred  Tuakler  von). 

Troupowsk:      htsijuo 
Alhiuda  [Roberto). 

TsciuiMEB  (Joluinu) . 

TuJiSTlU.  (W.)  .  .  . 
Tuppm  (Sir  Charles)  . 
Tni<NiR(0.  H.)  ■  .  . 
TWEKDDALE  ITho  Morques* 

OF). 
TwELVCTBHaS  {R.    H.). 

T»LE8  (SirH.  W.j.  , 
Ule!)*  (Lton)  .      . 

Ulluann  (Louis  de) 

Umieboows  (E,  M  ).     , 

Ubiias  (Alberl)  .      .     - 


Cbemjn  de  Ter  de  TlS lat  (Hoiigrie)    ,      .     , 

Midland  Rnilwa)-  (Qrande-BreUgne).     .     . 

Nasbville.  CIiftKanuaga,  and  S'-Louu  Rail- 
way (iJlBls-UDiad'Ainerique]  .... 

Londonanil  North  Wealern  Railway  (Qrande- 
Brelflgn*) - 

Section  anglaisa  el  Caledonian  Railwaj 
(Grande-Brolagno) 

Barr;  Railwaj'  (Orande-Brctagne)    . 

P«nn!i;tvajiia  Heilroad  (Etals-Unis  d'Aini- 

Uobile  and  Birmjngbsm  Railwn;  (Elsts- 
Uaia  d'Am^rjqut) 

Cbcmin  dchr  du  Nord  de  Uitan  (IlBli«).     . 

D^arleoient  des  .iITuires  ftlrang^rea  du 
Congo 

Cbemin  de  fer  de  Loltand  Fateter  et  chemia 
da  fer  de  I'Eitdf  Scel.ind(Dancmark).     . 

Section  BDicloisB  et  London  and  Nortll 
Western  Rnilway  (Grande-Brelagne)  .     . 

Miniature  du  commerce  (Hongrie)      .      .     . 

Conde  d'En  Railua^  (Br«Eil) 

Cbemin  de  fer  (IcRpg^'o-Emiliafltalie).     . 

New  York  Central  and  Hudson  River  Rail- 
road [Btals  (Jnisil'Am^riqiie)  .... 

Commiseion  in  let  nation  ale  du  CoDgrts  ■ 

Cliemios  de  fer  de  I'lilat  (ligne  Nicolnt) 
(Hus- 


SoulJiernPai;iflc  Railroad  (£lBt»-Uiiisd' Ain«- 


Chvmln  deferde  Daksr  i  SI-Louis  (S«n«gul). 

Cbemins  de  fer  r^ionaui  des  Bjuehes-du- 

Rhfina  (Prance)  ,..,..,. 

Cliemin  de  ferde  Vienm^Aapang  (Autriclie). 


Ministers  de?  travaui  public*. 

el  do  I'agricallure  (Brisil) 

D^Mrleioenl  des  posies  ct  des  cbemins  de  fei' 

(S"l-») .     ,     .     , 

Lancashire  and  Yorkshire  Rallwa;  (Orande- 

Bretngne) 

D^iiarleraent  des  cbemins  de  feretcanaui 

du  Dominion  du  Canada 

Section  angluHeetUidlund  Rati  vraytOrunde- 

Bpeiagne) 

Section  anglalse  et  Norib  British  Railwav 

((rrande-fireligne) 

Great  Norlliern  Railway  (Grande-Bretsgne). 
Great  Eaitern  Railway  (Orande-Bretagnc)    . 
Cbemin  defer  Jel'Esl  de  LjoQ  (France). 
Cbemin    de    fer    do    Mobacs    Piinfkiri;lien 

(Hongrie'r 

AnloIagwU   (Cbili)   and   Bolivia    Rsilvrny 

(Cbili) 

Cbemi»  de  fer  de  I'Eat  belli'  IBelgique)  .      . 
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Urban  (B.)  .  . 
Urban  (Jules)  . 
Urban  (Maurice). 


Uttborck 
Vallon    . 


Van  din  Boqabrdb  (E.) 
Van  dbn  Brobck  (AI.) 


Van  dbr  Strabten  (Albert) 
Van  db  Wynckelb  (J.  E . ) 

VANB-TBMPBST(Lord  Henry) 
Van  Hassblt  (Robert) . 
Vankberbebohbn  (Leon) 

VAN  KbRKWIJK  (J.  J.)      . 


Van  Otbrbekr  (Alb^ric) 
Van  Ryn  (K.)  .  .  . 
Varvaro  (Roberto).  , 
Varabhelti  (B^  db)    . 


Va8concblix>s  Porto  (Anto- 
nio db). 
Vaucamps  (A.)   .     . 
Vebil  (Domingo) 

Vblasco  (Estanislao) 


Vbro^     .... 
Vbrob  (Henry)   .     . 

Vbri/)op  (J.  W.).     . 
Vbrnon  (the  hon.  O.  R. 
Vbrscbowsky  (M.  P.) 

Verwilohbk-Qoris  . 

VlLBR8(E.)    .       .       . 
VlUNSKI  .... 


VWINBT     .... 

VooRHBES  (Th^orej 

VOORHOBTB  (J.  M.)  . 

Wallabbt(E.)  .     . 


Wall  Bake  (R.  W.  I 

▼AN  den). 


C. 


• 

SociMi  g^n^rale  de  chemins  de  fer  6cono- 

miques  (Belgique) 

Commission  iaternationale  du  Congr^s  et  che- 

min  de  fer  Grand  Central  Beige  (Belgique). 
Chemin  de  fer  Grand  Central  Beige  (Bel- 
gique)  

South  Eastern  Railway  (Grande-Breta^ne). 
Cbemin  de  ffr  du   Nord   fran^is  (lignes 

Nord  beiges)  (Belgique) 

Chemini  de  ler  de  la   Flandre  occidentale 

(Belgique) 

Cbemin    de    fer    de    Malines  -  Temeuzen 

(Belgique) 

Tramways  florentins  (I talie) 

Chemins    de    fer    Guillaume  -  Luxembourg 

(Luxembourg) 

Cambrian  Railways  (Grande-Bretagne)  . 
Chemin  de  fer  HoUandais  (Pays-Bas).     .     . 
Tramways  et  chemins  de  fer  ^conoraiques 

de  Rome-Milan-Bologne  (Italie)  .  .  . 
Commission  Internationale  du  Congr^s  et 

Minist^re  du  waterstaat,  du  commerce  et 

de  rindustrie  (Pays-Bas) 

Chemin  de  fer  dc  TApennin  Central  (Italie). 
Tramways  n^rlanda is  (Pays-Bas)     .     .     . 
Chemins  de  fer  de  la  Sicile  (Italie)    . 
Chemins  de  fer  unis  d*Arad  et  de  Csanad 

(Hongrie) 

Compa^nie  royale  des  chemins  de  fer  por- 

tugais.     ...  

Chemin  de  fer  du  Nord  de  Milan  (Italie).     . 
Chemins  de  fer  et  mines  de  San  Juan  de  las 

Abadesas  (Espagne) 

Secretariat  des  communications  et  dcs  tra- 

▼auz  publics  (Mexique) 

Chemins  de  fer  de  Paris  a  Orl^ns  (France). 
Society  g^n^rale  dcs  chemins  de  fer  econo- 
mises (France) 

Chemin  de  fer  Central  n^erlandais (Pays-Bas). 
Caledonian  Railway  (Grande-Bretagne)  .     . 
Chemins  de  fer  de  Riazane-Ouralsk  (ligne  de 

Riazane-Saratov)  (Russie)  ....'. 
Chemin  de  fer  d'Anvers  a  Gand  (Belgique)  . 

Tramways  napolitains  (Italie) 

Minist^re    des    finances    (d^partement   des 

aflaires  de  chemins  de  fer)  (Russie)  .  . 
Chemins  de  fer  de  TOuest  (France).  .  . 
American  Railway  Association  (^lats-Unis 

d'Am^rique) 

Chemin  de  fer  Brabant  septentrional  alle- 

mand  (Pays-Bas) 

Tramways  k  vapeur  des  proTincss  de  V^rone 

et  Vicence  (Italie)  .     .     .     .     .     . 

Compagnie    n6erlandaise   Sud-Africaine  de 

chemins  de  fer  (Pays-Bas  et  colonies)     . 
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NOM,  (NAME.) 

AIHIIXISTRATION  Dl^L^OANTK. 
(DELEGATED  BY.) 

SECTIONS. 

9S3 

Waller  (ChnrlsB  Uullcn)  •. 

Mobile  and   Birmingham   Bailwaj   (fitalg- 

Uiiia  d"Anl6rique) 

3 

mi 

Wallekstein  (Poui)      ,      . 

Rhine  (Fraucej 

•iSo 

Waltbe  (Alfred)      .     .      . 

American  Railway  Associalion  (Eleta-Ui.is 
d'Amirique)  ...           

Z&Z 

938 

Wandrk(dk) 

Cbeminsdefrrda  P«rigord  (Prance)      .      . 

Chouiina  de  kr  ie  Moacou  Brest  (Rusaio)    . 

9SS 

WlBSCHiWSKV  {lAin)  .      . 

Chemina  de  fer  de  Tsoriko4-Selo  (Rusfiel   . 

9^9 

Wabo      ...... 

Chemin  de  fer  du  Nord  fratifeii  (lignet  Nord 

belgos)  (BelgiquB) 

Chemin  de  fer  de  Varsoeie  Vi«nne  (Russie). 

990 

Wasiutyxski  (Alexandre)  . 

143 

991 

Wassilevskv  (Paul]     .     . 

AdminUlralioii  eenlrale  dcs  diemiu*  de  fer 
de  I'Elat  (Ruasie) 

998 

Watsox  (Sir  Renoy)    .     . 

Glasgow     and    South     Western    Railnay 

(Or.inde.BrelDgne) 

Great  Western  ofBmil  Hailwoj  (Brfcil)     . 

^ 

993 

Watts  (Haiii-y)  .     .      .      . 

1 

994 

Compognie  du  chemin  de  foi-  du  Congo  .      . 

* 

■ 

995 

Wkhh  (F.  W.)    .      .     .      . 

London     and     Norib     Western     Railwa; 
(Ornnde-Brelagne) 

5 

■ 

Railroad  (lilats  Uni»d"Am4rique).      .     . 

3 

■ 

99": 

WmSQKRUliB 

Chemins   de    fer   otlomang   de    BejroulU- 
Damas-Hsuraii  (Turquie) 

1 

99S 

WE139 

Chemins  de  fer  del-Est  (Franca).     .      .      , 

S&o 

■ 

999 

WUSSBNBBUCII  (Louis)  ,         . 

nislOre  des  chemina  de  fer.  postes  el  Mt,- 
giapbea  et  cbem.  de  ferde  I'Etn  1 1  Belgique) 

Denver  niid  Rio  Grande  Railwa;(t:tals-t]niB 
d'Amirique) 

Hiniattre    des    voies    de    communicalion 

1.^4 

lOOO 

\A'i>L8B  [Jolin  Lowbei'] .      . 

^^M 

1001 

W>Mi.«trj.(le  Colonel  Alfred 

(Russie) 

3,4A5 

m 

lOOZ 

\V  KRCiiovjKV  (V  ladimir)     . 

(Ru-ssie) 

IA4 

1003 

Wksfrdoaabd    .... 

CheiDinsdererdcl-Elal(Daneniark).     .      . 

344 

■ 

1001 

WnARNCLiiirB    (U»    Rial.l 
Hon.lhtEnrlofl. 

Railway  (Orande-Brelagiip)      .      .      .      . 

Mtlropolilan  Railway  (Grande-Brelaffn*)     - 

■ 

1000 

WuiTELKoo  [Thomas)   .     . 

London.   Tilbury,   and   Soulher.d  Railway 
(Ornndc-Breragne) 

S&4 

1017 

Whjtwhau  (Fr.  Osoj'go)    . 

Chemina  de  fer  aurdes  (il.'ilje) 

3.4*S 

lOOS 

WlGBAUfB.) 

Qreal  Northern  Rnilwny  (Orundc-BrelDgne). 
Uhigh      Valley       Railroad      (Elata.U"i» 

1009 

WiLPi.i.(RollinH).      .     . 

d'Amirique) 

■ 

WlLDIUOBy 

dps  [-rand*  eiproM  mropiens  (Beluique). 
Ewl  and  WeelJunction  and  Slralfoi^.upon- 

i 

WcLKiws  (Thomas)  .     .     . 

Avon  RailwnT  (Orandp-Brelagne).     . 
Xorlh  Erutern  Railwav  (Grande-Brel^igne), 

lorz 

WiLMXSON  (C     N.)     .        .         . 

1013 

Wll.KlSSOM  (J.  L.i    .      ■      . 

lOU 

WiLMAMafUuronwA.)     . 

Bralil   Great   Soulbern    Railway  (Brdsil). 

■ 

William-.  {Uorgon  B  )  .     . 

RJioiiddn    and     Swontea      Bay      Riiilway 
(Orande-Bret-igiie)         

L 

1017 

W[LM*i.T(Nwtor)    .     .      . 

Chemin  de  fer  de  On[idiTerneu«n(Belgique) 

M 
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NOM.  (NAME.) 


ADMINISTRATION  DliL^GANTE. 
(DELEGATED  BY.) 


SECTIONS. 


1018 
1019 

1020 

1021 

1022 
1023 
1024 

1025 

1026 

1027 
1028 
1029 

1030 

1031 

1C32 

1033 
1031 
1035 
1036 
1037 
1038 
1039 

1040 
1041 
1012 
1043 

1044 

1045 

1016 


Wilson  (J.)  .     . 
Wilson  (R.  T.)  . 

WisB  (Berkley  D.) 

Wood  (O.  H.)     . 

Worms  ob  Romilly 
Wor8dbll(W.)  . 
worthixoton  (w.  b  )  . 

WoRTLEY  (Stuart) 

WoYARD  (^inile). 

WoYNo  (Louis)  . 
Wredknsky  (Basile) 
Yastchembski    (Constant in 

df). 
Yenakibff  (Theodore)  . 

Yermoloff  (Alexandre) . 


Yorkb  (Lieutenant-Cvlonel 
H.  A.). 


YossiMoviTCH  (Milivoie) 
Youi.B  (A.  P.)  .  .  . 
Youxo  (Sir  Wra  L  ).  . 
Zanotta  .  .  .  f  . 
Zavanblla  (Acliiile) 
Zbbetneb  (le  D^  Ferdinand) 
Zelis  (J.  B.).     .     .     . 


Zens  (Albert) 
Zens  (P.).     .     .     . 
ZiELiN5Ki  (^tienne)  . 
Ziffer  (E.  a.)    .     . 


ZiNOLER  (Max)  . 
ZOURO'F  (W.  L.) 
ZwoLiNSKi  (Nicolas  de)  . 


Great  Eastern  Railway  (Grande-Bretnpne). 

Denver  and  Rio  Grande  Railway  (iJlats-Unis 
d'Am<^rique) 

Belfast  a:id  Northern  Counties  Railway 
(RoyauineunideOr.-Bretagneeld'Irlande). 

Isle  of  Man  Railway  (Royaume  uni  dc 
Grande-Bretagne  et  d'irlande  .... 

Minist^re  des  Iravaux  publics  (France)  . 

North  Eastern  Railway  (Grande-Bretagne). 

Lancashire  and  Yorkshire  Railway  (Grande- 
Bretagne) 

Wrexham  Mold  and  Connah's  Quay  Railway 
(Grande-Bretagne) 

Chemin  de  fer  de  Tournai  u  Jurbise  et  de 
Landen  a  Ilasscll  (BeJgiqae)     .... 

Chemin  de  fer  de  Varsovie-Vienne  (Russie). 

Cherainsde  fer  Sud-Est  (Russie)  .     . 

Chemin  dc  fer  de  Rybinsk-Bologo6  (Rus^^ie). 

Premiere  Soci6t6  des  chemius  de  fer  secon- 

daires  en  Russie 

Minislere    des    voies    de    communication 

(Russie) 

Minist^re  du  commerce  (Board  of  Trade) 

(Royaume    uni    de    Grande-Bretagne   et 

d*Ir]ande) 

MinistiTe  des  travaux  publics  (Serbie)    . 
Great  Western  of  Brazil  Railway  (Bre^ii)    . 
Midland  Uruguay  Railway  (Uruguay)    . 
Chemins  de  fer  de  la  M^diterranee  (Halle). 
Chemin  de  fer  de  Suzzara-Fcrrara  (Italie). 
Chemins  de  fer  de  TEtat  ( Autriche)  . 
Chemin  de  fer  Brabant  bcplenlrional  alle- 

mand  (Pays-Bas) 

Chemins  de  fer  d^partementaux  (France). 
Chemins  de  fer  d^partemenlaux  f France). 
Chemin  de  fer  de  Varsovie-Vienne  (Ruisie). 
Chemins   de  fer  de  Lemberg,  CzernowiU, 

Jassy  (Autrichej 

Chemins  de  for   de  Lemberg,  Czcr:rj':\ilz, 

Jassy  -Autriche) 

Chemins  de  fer  de  Riazane-Ouralsk  (Lignc 

de  Riazane-Saratov)  (Russie)    .... 
Minist^re  de  Tiut^ricur  (Russie) .... 


5 


id5 

3<&5 
2 
2 

1.  2&5 


4 

2 

3 

4<&5 
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1.4&5 


5 


3 

1  &2 

5 

4 


o 
o 
4 

ld5 

5 

•  •  • 

4&5 


DISPOSITIONS 

STATUTAIRES  &  HEGLEMENTAIRES 

DU  CONORtS  INTERNATIONAL  DES  CHEMINS  0£  FER  (<) 

BIT  ET  DfiFlMTlON. 

Article  premier.  —  Lc  Conr/ri^s  interna- 
tional dcs  cJiemins  dc  far  est  une  association 
pcrnianonte  ayant  pour  but  do  favoriscr  Ics 
progress  di's  chomins  dc  fcr. 

Art.  2.  —  L'Ass^Kiation  s<'  compose  d'Ad- 
im lustrations  de  chomins  d'Ktat  ct  d' Adminis- 
trations concession nairos  ou  cxploitantes  de 
cliomins  dc  fcr  d'interOt  public  qui  ont  fait 
acto  d'adh<!'si(>n. 

Lcs  Gouverncments  adhcrant  a  I'Associa- 
tion  so  font  rcprescntcr  pai*  dos  diMd'guds. 

COMMISSION  INTERNATIONALE  PEHMANENTE. 


CONSTITUTION 


AND  BYE-LAWS 


OF  THE  INTERNATIOHAL  RAILWAY  C8MRE88  0) 


OBJECT  AND  SCOPE. 

1.  —  The  International  Railtcay  Con^^ess 
is  a  permanent  association  established  to  pro 
mote  the  progress  and  development  of  rail- 
ways. 

2.  —  It  is  composed  of  railway  administrar 
tions  which  have  foimally  joined  whether 
state  or  private  and  either  owning  or  working 
lines  for  public  traffic. 

Governments  joining  arc  represented  by 
delegates. 

PERMANENT  INTERNATIONAL  COMMISSION. 


Art.  .'<.  —  L'Association  <*st  i'eprcseut6? 
par  uiic  C<>n)inissioii  interna tionalo  qui  est 
eluc  par  lo  Conprres.  G.ti'-  Coniniission  a  son 
s^iep'  a  I>i"uxelles. 

I.cs  f(»nctions  do  .-os  ni<inbr«'S  sont  h'.>nori- 

fi»[UOS. 

Art.  4.  —  La  Comiuission  est  rliarf:eo 
d'exainincT  Irs  demandos  d'adliesion  (I«.'s  Ad- 
ministrations do  chomins  do  for  faitrs  rn  con- 
forniito  di.'s  article.^  1  et  2  ot  dc  statuor  a  Icur 
suj»'t .  N<.'  scront  pas  c:«»n>idcrCM'S  cnnuiic  Adnii- 
nistratiniis  df  clu-niiiiS  dc  f'-r  (•••lies  «jui  n'ont 


3.  —  The  Congress  is  represented  by  a 
l)eiinanent  Inteiiiational  Commission  which  it 
elects.  The  office  of  this  Commission  is  at 
Bnisscls  and  its  members  give  their  scrrlecs 

gratuitously. 

4.  —  It  is  the  dutv  of  the  Commission  to 
consider  and  decide  upon  the  application  for 
membership  of  the  Congi'css  made  by  railway 
administrations  in  accordance  with  articles  1-' 
and  2"<^  Administrat  ir>ns  whose  primary  ob- 
ject is  not  the  working  of  railways  will  not 


*    I'our   Ion  liisj  osili-ii.s  forniaiit  i«-;;loi,,'^i,l  dt-s  scs- 
bion»,  voir  spAcinloin**M  Ips  niliii»»s  If  a  10. 


(')  For  ihe  >i\«^-I.iws  of  ihc  frcssAionb  see  specially 

ai  tides  10  lo  10. 
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pascn  vue  rcxploitatioii  do  chcmius  clc  for  en 
ordre  principal.  La  Commission  pcut»  pour 
Ics  admissions  nouvelles,  determiner  un  mi- 
iiimum  dc  developpement  kiIom6triquc  ou 
d'autres  conditions  d'admission  pour  chaque 
categorie  de  chemins  do  for  {*). 
Eb  outre,  la  Commission  est  chargee  d'or- 

>)  QMiUkxu  d'admiuion  arr4t(^s  par  la  Commualon 
uUeraitionaU^  dam  sa  tt.mce  dn  29  juillel  1893^  en 
exkution  dt  Particle  4  des  s'.atuti  revisei  it  ^ilnt- 
PiUribourg  en  1392. 

l.-*Poar  poayoir  dtre  admise  a  particip>er  h  TAsso- 
cation  da  Conip'te,  toate  Administration  de  chemins 
de  fer  devrti  adresser  au  president  de  ia  Commission 
ioteraatioBale  une  demande  portant  I'engaffcment  de  se 
conformer  aux  prescriptionK  dcs  statuts.  La  demande 
dem  ^rt  accomiiagnte  des  documents  n^eessaires 
pour  qu'il  soil  possible  de  se  rendre  compte  dc  la  nature 
etdelasitQation  de  Tentreprise. 

n.- La  demande  ne  pourra  pas  6tre  prise  en  consi- 
deniioQ : 

I'Silcebemin  de  far  n'eKt  pas  d'intdr^t  public,  cVst- 
l-direi'd  n'a  pas  donn<^  lieu  h  un  acte  de  concession  dc 
faaioritd  pablique  comp^tente  [k  moina  quUl  n'appur- 
iieoMi  r£tat}  et  a'il  n'a  pas  ouvert  un  service  public ; 

2*  Si  la  traction  des  v^hioules  n'a  pas  lieu  par  des 
Boyeot  mteaniques ; 

3*  Si  PAdninistralion  adh^rentc  n'a  pas  en  vue  I>\- 
ploitstion det  chemins  de  fer  en  ordre  p.-incipaU  c'est- 
i-dire  Botaament  si  la  partie  du  capital  consacr^e  a  dcs 
clMMMd«fer  n'eat  pas  plus  forte  que  celle  aflcet^^id 
oaaotre  bat  [exploitation  do  services  dc  navigation,  de 
tnavayt ft  traction  parchevaux,d*usines,h«'>fels,  etc.); 

^  Si  lecbemin  de  fer  n'a  pas  un  developpement  mini- 
WMdcSOkiloai^tre.'t  pour  les  lignes  u  traction  par  loco- 
nuMivn  ordinairea  ou  de  25  kilometres  pour  les  lignes 
ex^lotttetiHir  on  mode  special  de  traction  meeuniiiuo. 

U  Bioimnm  de  &0  kilometres  sera  applique  aux 
lifiMi aiitet,  en  fkisant  entrer  en  ligne  de  couipte  les 
KCliMttftcrNuiiliere  pour  le  double  de  leur  longueur. 

I^ ■!■•  mioinam  aeraappliqu^  aux  lignes  en  vuie 
d<  flOMtTBction,  avec  cette  r6<crve  que  ces  lignes  ne 
P^vront  Hn  atfiftiies  k  participer  au  Congr^  avant 
d'ttoir  B  kOoBMres  en  exploiUition  par  la  rap?ur  ou 
ItmUaput  iiM»ded«  traction  »pi^cial. 

ni.  —  Tout  chemin  de  fer  admis  aprt^s  la  date  dti 
$llo4tM92  qui  cMsera  de  remplir  les  conditions  pr^- 
<^dMi«» OQ tout  diemin  de  fer  qui  entr(.>ra  en  liquida- 
tion ooea  £»i!Uie,  ces&era  ipso  ficto  de  fuire  partie  dc 
rAMriition.  Tl  en  sera  de  mdnie  do  to-it  chemin  dc  ftn* 
iwn'tira  plus  pay^  aes  cotisationa  depuis  plus  de  deux 
exemce*. 

IV,  —  Tout  cbemin  de  fer  ayant  et6  ray^.  sur  sxi 
^cnaode  ou  antremcnt,  de  In  listc  dcs  participants  uii 
Cittgrte,  ne  pourra  ftre  rtedmis  que  moyennant  le 
pijienieflt  des  cotisationa  correspondant  nux  exen'jccs 
tnnlH  depoi*  ia  derni^rc*  session  du  Congres. 


be  rej^rded  as  railway  administiTitions.  In 
admitting  new  adherents  the  CommisFion  may 
lav  down  for  each  class  of  lines  a  minimum 
mileage  or  other  qualification  ['). 


Further,  it  is  the  duty  of  the  Commission 

'})  Rtf/iUatiim%  for  adnxlision  to  mimbcrship  of  the  Con- 
gres%  laid  down  l*y  the  Co  nml»ion  on  July  29, 1S93, 
in  accordance  tcUh  the  article  4  of  the  comtitutlon 
as  amended  in  Saint- Peter sbur'j  in  ISO'J, 

I.  —  Every  Railway  Administration  desirous  of  ad- 
mission to  meml>ership  of  the  Congress  must  address  to 
tlie  president  of  the  International  Commission  a  formal 
application  to  that  eflect.  The  ajiplioation,  which  car- 
rioR  with  it  an  obligation  to  submit  to  the  rules  of  the 
Congress,  must  be  accomimnied  by  such  documents  as 
may  i>e  required  to  establish  the  nature  and  position 
of  the  admiiiistration. 

II.  —  No  application  can  be  entertained  unless : 

1.  Tl»e  Railway  is  public,  that  is  to  say  except  whej^ 
it  belongs  to  ihe  Stat**),  has  been  authorise  !  by  Act  or 
charter  of  the  public  authority  havii  g  Jurisdiction  in  the 
matter,  and  i.s  open  f  tr  pub'ic  traffic; 

2.  Is  worked  by  mechanical  means  ; 

3.  The  Admini.^tration  applying  for  adniia^iion  is  pri- 
marily a  Riilwny  Administration  and  more  eypecially, 
the  portion  of  the  capital  devoted  to  Railway  purposes 
is  larger  than  that  directed  to  any  other  o))Jeot  (steam- 
bo  it  services,  hors3  tramways,  mines  and  works, 
bote's,  etc.l; 

4.  Tho  Railway  has.  in  the  ras»  of  lines  worked  by 
loi.>omotives.  a  minimum  length  of  2)i  miles  50  kilo- 
metres) or  of  lines  worked  by  any  special  means  of 
mechanical  tract io:>,  u  minimum  length  of  16  miles 
'25  kilometres). 

This  minimum  nr32  miles  '50  kilometres)  will  be  appli- 
cable to  mixed  systems,  a  flection  of  rack  railway  being 
reckoned,  however,  as  twice  its  actual  length. 

Th**  5:)me  minimum  will  apply  to  lines  in  course  of 
construction,  provided  however  that  such  lines  shall 
not  be  admitted  to  membership  of  the  Congress  until 
10  miles  [fS  kilometres)  worked  by  locomotives  or  half 
that  length  worked  by  special  mechanical  means  shall 
Ije  actually  open  for  traffic. 

III.  —  Any  Railway  almitted  to  mem*»erslii|)  afcer 
August  31.'9?  which  shall  cea^e  to  comply  wil!i  the  forc- 
goi:>g  requirem  ^nts  or  any  Railway  wh.ch  shall  go  into 
liquidation  or  )>ecom"  bankrupt  shall  ip^o  ficlo  cease  to 
be  a  member  of  the  Congress.  The  same  rule  shall  ap;)ly 
to  a  Railway  which  for  two  years  in  suoces-ion  shall 
have  failed  to  pay  its  subs4;riplions. 

IV.  —  ,\  Railway  which  at  its  own  request  or  for  any 
()thfr  cau<e  has  ceased  to  br»  a  meui^ier  of  the  Congres-s, 
shall  before  readmis^ion  l>e  required  to  pay  up  theljack 
subscriptions  which  would  have  been  d'le  from  it  since 
the  last  .session  of  the  Congress. 
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gaiiiscr  Ics  sessions  du  Congr^s,  dc  designer 
les  questions  k  examiner,  d'en  preparer 
r^tude,  de  faire  r6diger  et  de  publier  les 
comptes  rendus  des  d6bats,  de  dresser  le 
budget,  de  fixer  les  cotisations  en  conformity 
de  Tarticle  17,  de  surveiller  la  gestion  des 
finances  et,  g6nei^ement,  de  faire  proc6der 
a  tous  les  travaux,  etudes  et  publications 
qu'elle  juge  utiles  dans  I'intdrfit  de  Toeuvre 
poursuivie  par  T Association. 

Art.  5.  —  La  Commission  internationale 
se  compose  des  anciens  presidents  de  session, 
membres  de  droit,  et  de  33  membres  61us. 

Son  bureau  comprcnd  :  1  pr6sidcnt,  2  vice- 
presidents,  1  secretaire  g6n6ral,  1  secretaire 
et  1  ti*6sorier. 

Les  membres  elus  sont,  autant  que  pos- 
sible, clioisis  dans  les  differentes  nationalitcs 
des  adherents.  En  aucuncas,  il  nc  pent  y  avoir 
plus  de  9  membres  elus  appartenant  k  la 
meme  nationalite. 

Lorsque  le  lieu  de  reunion  d'une  session  du 
Congres  est  determine,  la  Commission  inter- 
nationale peut  s'adjoindre,  a  titre  temporaire, 
des  membres  choisis  dans  le  pays  ou  la  pro- 
chaiuc  assemblee  doit  Otre  tenue. 

La  Commission  nomme  son  secretaire  et 
son  tr6sorier.  lis  n'ont,  en  cette  qualite,  que 
voix  com-ultative. 

Art.  6.  —  La  Commission  internationale 
eiil  dans  son  sein  los  memb;:es  de  son  bureau 
dans  la  premiere  seance  qui  suit  une  session 
du  Congi^s. 

La  Commission  se  reunit  sur  la  convocation 
du  president,  aussi  souvent  que  Tinteret  de 
rAssociation  I'oxigc,  et  au  moins  une  fois 
par  an. 

Elle  doit  etre  convoquee  lorsque  cinq  dc  scs 
membres  le  demandent.  Les  seances  de  la 
Commission  sont  presidees  par  le  president. 
En  cas  d'empOchement,  le  president  est  rem- 
place  par  un  des  vice-presidents. 

Les  resolutions  de  la  Commission  sont 
prises  k  la  majorite  des  voix  des  membres 


to  organise  the  Congress  meetings,  to  p 
a  programme  of  questions  for  discussi< 
be  responsible  for  their  preliminary 
ment,  to  publish  reports  of  the  discussi 
draw  up  a  balance  sheet,  to  fix,  sub 
article  17,  the  amount  of  the  annual  su 
tions,  to  be  responsible  for  the  finaiic 
generally  to  set  on  foot  any  investigatic 
issue  any  reports  and  other  publications 
will  in  its  judgment  further  the  obje 
which  the  Congress  is  established. 

5.  —  The  International  Commission 
posed  of  ex-presidents  of  the  sessions 
Congress,  who  are  members  eoc  offici 
33  elected  members. 

Its  officers  are  a  president,  two  via 
dents,  a  general  secretary,  a  socretarj 
treasurer. 

The  elected  members  are  as  far  as  p 
chosen  to  represent  the  diflcrent  nations 
der  no  circumstance  shall  any  one  natic 
more  than  nine  representatives. 

Wlien  the  place  of  meeting  for  a  scs 
the  Congress  has  been  fixed  the  Intern; 
Commission  is  empowered  to  coopt  as 
rary  members  representatives  of  the  c 
where  the  meeting  is  to  be  held. 

The  commission  appoints  its  sccrcta 
its  treasurer.  As  such  thoy  have  no  r 
vote. 

G.  —  The  International  Commissioi 
fii*st  meeting  after  a  session  of  the  Cc 
elects  its  president,  vice-presidents  anc 
ral  secretary  from  amongst  its  own  ni 

The  commission  is  summoned  by  the 
drnt  to  meet  when  the  business  of  th 
grcss  n^quires  it,  but  in  any  case  at  lea 
a  year. 

Any  five  members  may  require  a  n 
to  be  summoned.  The  president  tal 
chair,  or  in  his  absence  one  of  the  vic( 
dents. 

Questions  are  decided  by  the  votes 
majority  of  members  present.     If  th( 
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presents.  En  cas  de  partage,  la  voix  du  mcmbre 
qui  preside  est  pi-^pond^rantc. 

Les  deliberations  de  la  Commission  sent 
constatees  par  des  proems- verbaux.  Elles  no 
soDt  Talables  que  si  neuf  membres  au  moins  y 
prennent  part. 

Si,  dans  une  premiere  reunion,  ce  nombi^ 
n'est  pas  atteint,  il  pourra  6tre  d^lib^rd  A.  la 
reunion  suivante,  convoqu6e  k  quinzc  jours 
d*inter?alle,  quel  que  soit  le  nombre  de  mem- 
bres presents. 

Art.  7.  —  Les  33  membres  61us  par  la 
Commission  Internationale  sont  rcnouvel6s 
par  tiers  a  chaquc  session. 

Elle  fixe,  dans  sa  premiere  s6ance  apr^s  ce 
penouvdlcment.  Tordre  de  sortie  de  scs  mem- 
bra lore  des  elections  suivantes  (*). 

Les  membres  sortants  sont  r661igibles. 

La  Commission  a,  en  tout  temps,  la  facultc 
dc  se  oompl^r  par  la  designation  provisoirc 
de  membres  choisis  parmi  les  delegues  des 
adherents.  Dans  ce  cas,  il  est  proc6dc  k  relcc- 
tion  definitive  lors  de  la  plus  prochaine  ses- 


sion. 


COMITY   DE   DIRECTION. 


Ait.  8. —  Dans  la  premiere  stance  qui  suit 
one  session,  la  Commission  d61egue  sept  de 
ses  membres,  qui  ferment  un  Comite  de  direc- 
UoQ. 

Le  Comite  do  direction  est  compose  du  pre- 
sident, du  secretaire 'general  et  de  cinq  mem- 
bnei. 

I^  lecietaire  et  le  tresorier  de  la  Conunis- 
«M»78ont  adjoints,  avec  voix  consultative. 

U  mandat  des  membres  du  Comite  de 
direction  a  une  duree  egale  h  Tintervalle  de 
deox  sessions  du  Congres.  II  pent  etre  rcnou- 
vel6. 

U  Comite  se  reunit  au  moins  tons  les  trois 
rows,  n  peut  etre  convoque  extraordinaire- 


l^)Di^potUion  IrannUoire :  Pour  la  premiere  fois.  toute 
It  CoauDittion  iniernationale  sera  Hue  h  la  session  du 
CoQfrttdelW?. 


are  equal  the  chairman  has  a  casting  vote. 

Minutes  arc  kept  of  the  proceedings  of  the 
Commission.  Nine  members  are  required  to 
form  a  quorum. 

If  at  a  first  meeting  this  number  is  not  pre- 
sent an  adjournment  of  a  fortnight  shall  take 
place,  and  at  the  meeting  so  adjourned  no 
quorum  is  necessary  for  the  transaction  of 
business. 

7.  —  One-third  of  the  33  elected  members  of 
the  International  Commission  retire  and  arc 
replaced  each  session. 

At  its  first  meeting  after  this  replacement 
the  Conunission  settles  the  order  of  retirement 
of  the  rest  of  the  members  (*). 

Retiring  members  are  re-eligible. 

The  Commission  has  at  any  time  power  to 
fill  vacancies  by  the  provisional  election  of 
members  who  must  be  delegates.  Such 
members  hold  office  till  the  next  meeting  of 
the  Congress. 

EXECUTIVE    COMMITTEE. 

8.  —  At  its  first  meeting  after  a  session  of 
the  Congress  the  Commission  nominates  7  of 
its  members  to  fonn  an  executive  Committee. 

The  executive  Committee  consists  of  the 
president,  the  general  secretary  of  the  Com- 
mission and  ^ve  members. 

The  secretary  and  the  treasurer  of  the  Com- 
mission are  members  of  the  Conmiittee,  but 
without  the  right  to  vote. 

The  members  of  the  executive  Committee 
hold  office  for  a  period  equal  to  the  intei*val 
between  two  sessions  of  Congress.  They  arc 
re-eligible. 

The  executive  Committee  meets  at  least 
every  three  months.     It  may  be  summoned 


(1)  Temporary  provision  :  At  the  oatset  the  \rliole  of 
the  International  Commission  shall  be  elected  at  the 
Congress  in  1887. 
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ment  sur  rinitiatiye  du    president  ou  a   la 
demaiido  do  trois  membres. 

Art.  9.  —  Le  Comit6  est  charge  sp6cialo- 
mcht  do  rexpedition  des  affaires  courantes, 
de  la  ^'ostioii  dos  finances,  ainsi  que  de  la 
suiTeillance  et  do  la  direction  de  tous  les 
travaux,  Otudes  ct  publications,  de  la  redac- 
tion du  IhtUetin^  de  la  conservation  de  la 
bibliotheque  et  des  archives.  II  fait  imprimer 
entierenK'nt  ou  partiellement  Ics  memoires 
et  les  documents  destines  au  G^ngres  qu'il  lui 
parait  nece-ssaiixj  de  disti'ibuer  pour  eclairer 
les  discussiniis.  II  ?c  tient  a  la  disposition  des 
adherents  pour  leur  fournir  les  renseigne- 
ments  speciaux  qui  lui  seraient  deniandes. 

Le  C<.>niiie  nomnie  ct  revofj[ue  le  personnel. 

L'exOcution  des  d6cisions  du  Coniito  est 
contiee  a  sun  burcau  (•). 


specially  either  bj  the  president  ou  his  own 
authority  or  on  the  requisition  of  three  mem 
bcrs. 

9.  —  The  Committee  is  responsible  in  parti- 
cular for  the  management  of  current  afiairs, 
and  financial  business;  also  for  superinten- 
ding and  managing  investigations,  reports 
and  publications,  for  the  editing  of  the  Bid' 
letin  and  the  care  of  the  library  and  archives. 
It  decides  as  to  printing  in  xi'hole  or  in  part 
the  reports  and  other  documents  submitted 
to  the  Congress,  whose  circulation  it  regards 
as  necessary  to  facilitate  the  discussions. 
It  is  the  duty  of  the  Committee  to  furnish  to 
members  of  the  Congress  such  special  infor- 
mation as  they  may  require. 

The  Committee  lias  the  right  of  appointing 
and  dismissing  the  staff. 

The  officers  carry  out  the  instructions  of 
the  Committee  (•). 


,*)  R'>glfm<fnt  d'ordre  inlirieur  du  Cumiii  tU  direction, 

I  et  II.  —  ;  Voir  les  articles  8  et  9  des  statuts.) 

III.  —  Le  Comity  se  ri^unit  a  son  local  ordinaire, 
rue  de  Louvaiii,  11,  a  Dnixolles,  sur  convocation  du 
president,  et,  aulanl  que  posMblc,  le  deruier  samedi 
d'un  mois. 

En  COS  d'empechement  du  pr^ident,  le  Comit»^  d^s'gne 
un  de  ftes  membres  pour  le  remplacer  (*). 
Les  convocatioDS^noncent  I'ordre  dujour. 

IV.  —  La  presence  de  trois  membres  sufHt  pour  deli- 
bArer  valablcmcnt. 

Les  proc^s-verbaux  des  stances  bont  adress^s  &  tuus 
les  membres  du  Comity. 

V.  —  Les  aflTaires  soumises  au  Comity  sent  trait^s  en 
observant  la  division  du  travail  du  Congres.  i.Voir 
article  13  des  st^ituts.) 

Les  questions  rmportantes  sent  envoy^s  k  I'exatr.en 
d'un  mcmbre  rapporteur. 

VI.  —  Le  Connie  peut  faire  api)el  au  concours  des 
sp^clali.sles.  II  peui  les  rel^mun^rer. 

VII.  —  La  corresfondanr^e  est  sign^e  parte  president 
ou  par  le  secretaire  d^l^gu^  par  lui.* 

VIII.  —  Le  president,  a id<V  du  src-6taire  du  Comity, 
dirige  sp^oialement  la  publication  du  livUcUu^  (^tant 
entendu  que  l.^s  articles  k  insurer  sont  toujours  soumis  & 
I'appriiciation  pr^alable  d'un  menibre  d^signt^  j^ar  lui 
pour  ftiire  partie  du  Comitd  de  redaction. 

En  cas  d..*  dirr^rend,  TatTaire  est  soumioe  a  I'appr^ia- 
tion  du  t>)init6  de  direction. 
Les  trava'ix  relaiifs  aux   questions  du  programme 

(')  M.  BuMM.ktrt  I  eu  d««lfB«  dMi  Ik  iteBce  da  S7  Jaav.ar  1S»«. 


'}]  liye-latcs  of  the  fxeculite  commiltee. 

I  and  II.  —  ;Art8. 8  and  9  of  tbe  constitution.) 

III.  —  The  Exc<*utive  Committee  meets  at  its  office, 
rue  de  Louvain,  11,  Brussels,  when  summoned  by  the 
president,  as  fur  as  possible  on  the  last  Saturday  in  the 
monlli. 

The  Committee  appoints  one  of  its  members  to  take 
the  chair  in  the  absence  of  the  president  {*), 

The  business  to  be  transacted  is  specified  in  the  sum- 
mons. 

IV.  —  The  quorum  of  the  Committee  is  three. 

Minutes  of  the  meeting  are  sent  to  all  members  of  the 
Committee. 

V.  —  The  business  of  the  Committee  is  divided  under 
the  same  heads  as  the  proceedings  of  the  Congress  (see 
ait.  13  of  the  constitution). 

Questions  of  importance  are  referred  to  some  member 
of  the  Committee  for  report . 

VI.  -  The  Committee  may  engage  and  pay  for  expert 
assistance. 

Vn.  —  Letters  are  signed  by  the  preiident  or  by  flie 
secretary  acting  under  his  authority. 

VIII.  —  The  president  with  the  assistance  of  the 
secretary  of  the  Committee  is  specially  responsible  for 
the  publication  of  the  Bulletin,  but  articles  t4)  be  inaer* 
tCil  are  always  previously  approved  by  another  member 
appointed  by  the  president  to  form  one  of  the  editorial 
committee. 

In  case  of  difference  the  matter  is  referred  to  the  deci- 
sion of  the  executive  Committee. 

Where  papersreferring  to  questions  on  tbe  programme 


(*)  Mr.  HuBMak«n  wm  •|>pala'.t4  •!  lU 


t7,M. 
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SESSIONS  bU  CONCRF.S. 

Art.  10.  —  Le  Congr^  se  r6unit  tous  les 
deux  ans.  Dans  chaquc  session,  11  ddsignc  Ic 
lieu  ctla  date  do  la  session  suivante. 

En  cas  d'empOchement  impr^vu,  la  Com- 
missioa  intemationale  pent  modifier  ccs  dis- 
positions. 

Art.  11.  —  Ont  le  droit  de  prendre  part 
aux  sessions  du  Congr^s  : 

!•  Les  membres  de  la  Commission  intema- 
tionale; 

2»  Les  deldgu^  d^signes  par  les  adli^ 
rents; 

3*  Les  secretaii^es  et  le  tresorier,  ainsi  que 
les  secretaires  do  section  nonmi6s  par  la  Com- 
mission ou  par  son  Comite  et  charges  do 
I'exposd  des  questions  du  programme. 

Les  Gouvernements  fixent  eux-mOmes  le 
nombre  de  leurs  d6l6gu6s. 

Us  Administrations  de  chemins  de  fer 
peuTent  nonmier  des  d61egues  au  nombre  de 
Sauplus,  suivant  T^tendue  de  leur  r6soau, 
saroir: 

2  d(&l6gu6s  pour  les  exploitations  ne  d6pas- 
santpas  100  kilometres, 


SESSIONS  OF  THE  CONGRESS. 

10.  —  The  Congress  meets  every  two  years. 
At  each  meeting  it  fixes  the  time  and  place  of 
the  following  meeting. 

In  case  of  unforeseen  hindi*anco,  the  Inter- 
national Commission  may  alter  the  arrange- 
ments. 

11.  • —  The  following  have  a  right  to  take 
part  in  the  meetings  : 

1 .  The  members  of  the  International  Com- 
mission. 

2.  Delegates  appointed  by  the  adherents. 

3.  The  secretanes  and  the  treasurer,  as 
:ilso  the  secretaries  of  the  sections  nominated 
bv  the  Conmiission  or  the  executive  Committee 
to  report  on  the  questions  in  the  programme. 

Governments  are  entitled  to  send  as  many 
delegates  as  they  think  proper. 

Railway  administrations  are  entitled  to 
nominate  8  delegates  as  a  maximum,  accor- 
ding to  the  length  of  their  system,  as  fol- 
lows :  — 

For  lines  not  more  than  62  miles  (100  kilo- 
meti'es)  2  delegates. 


pcQTem^tre  impnin^  directement  tous  la  responsa- 
WiWie  leurs  auteurs. 
U  n  «•(  de  m^me  de  la  stenograph ie  revue  par  les 

IX>  -  Le  tresorier  tient  la  comptabilitd  des  d^penses 
«**«woette«. 

U  CommiMion  Internationale  ^taiit  spt^cialcment 
<^Urfte  de  surveiller  la  ge&tion  des  flnuaces  en  vertu 
^riiticle4desstatuts.  (on  secretaire  general  precede 
*  use  T^riOcatton  de  la  caisse  ct  des  ecritures  a  cliaqtie 
>^tttt  da  Comity 

I^  reoouvreroents  de  fonds  sont  faits  au  nom  dc  la 

(^MUBiasion  internalionaie,  et  les  quittances  u  talon 

<MI  rates  par  le  necreiaire  general  de  la  Commission. 

U  tresosier  preseate  un  etat  de  la  situation  de  la 

c><iK4cbaqae  seance  du  Comite. 

Isi  foods  productifd  d'interet  sont  places  >\  la  Caisse 

f^t^ipkb  et  de  retraite  sous  la  garantie  de  I'Etat.  lis  ne 

PntTentetre  retires  qu'uu  nom  de  la  Commission  inter- 

Bstionale  sur  deux  signatures  :  celie  du  tresorier  el 

ttleda  see: etaire  general  ou  du  president  de  la  Com- 

Bivion  intematioaale« 

X.  —  Le  Comite  fixe  les  traitemsnts  du  i>ersoonel 
dsasleslimites  dn  budget  arrete  par  la  Commission. 


are  priuted  the  respou&ibili'y  res»ts  with  their  authors. 

The  same  rule  applies  to  the  reports  of  debates  revised 
by  the  six'ak.ers. 

IX.  —  The  trea>urer  keops  accounts  of  receipts  and 
expenditure. 

In  accordance  with  article  4  of  the  constitution,  the 
llnancial  management  of  the  Congress  is  in  (he  hands  of 
the  International  Commission.  Accordingly  at  each 
meeting  of  the  Committee  the  general  secretary  of  the 
CoDuniasion  examines  the  receipts  and  the  vouchers. 

Subscriptions  are  made  payable  to  the  International 
Commission,  and  the  receipts  corresponding  thereto  are 
checked  by  its  general  secretary. 

The  treasurer  submits  a  summary  Italance  sheet  at 
each  meeting  of  the  Committee. 

Money  other  than  cash  in  hand  is  dc|X)sited  in  the 
government  Savings  Bank  in  the  name  of  the  Commis- 
sion. Its  withdrawal  requires  two  signatures,  that  of 
the  treasurer  and  that  of  the  general  secretary  or  the 
president  of  the  Commission. 

X.  —  Within  the  limits  of  the  budget  voted  by  the 
Commission,  the  Committee  fixes  the  salaries  of  the 
staff. 
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3  d6legu6s  pour  les  exploitations  ne  depas- 
santpas  500  kilometrcs,  et 

1  d616gue  en  plus  par  groupc  de  500  kilo- 
metres ou  par  fraction  de  500  kilometres  en 
plus. 

Art.  12.  —  A  Touverture  de  chaque 
session,  le  bureau  de  la  Commission  intema- 
tionalc  remplit  les  fonctions  de  bureau  provi- 
soire,  et  le  CongrOs  procMe  imm6diatcment  ^ 
I'election  de  son  bureau,  compose  : 

1°  D'un  ou  de  plusieure  presidents  d'hon- 
neur; 

29  D'un  pr6sident ; 

3<*  De  vice-presidents; 

4<*  Des  presidents  de  section,  en  conformite 
de  Tarticle  1 4 ; 

5**  D'un  secretaire  general ; 

6®  De  secretaires. 

Le  premier  delegue  de  chaque  Gouverne- 
mcnt  est  de  droit  vice-president. 

Tons  les  membres  du  bureau  sont  nommes 
pour  une  session. 

L'eiection  a  lieu  dans  les  conditions  indi- 
quees  a  rarticl(4,.lG,  alinea  6. 

Les  fonctions"  des  membres  du  bureau  sont 
determinees  par  les  regies  en  usage  dans  les 
assembiees  deiiberantes  pour  la  direction  des 
debats. 

Art.  1 3.  —  A  Touvorture  de  chaque  session 
et  apres  la  formation  du  bureau,  le  Congres 
so  divise  en  sections  (voies  et  travaux,  traction 
et  materiel,  oxploitati<3n,  questions  d'ordrc 
general,  etc.). 

Vn  membre  pent  s'inscrire  i  la  fois  dans 
plusieurs  sections. 

Le  Congres  pent  aussi  constituer  des  com- 
missions speciales. 

Art.  14.  —  Chaque  section  nomme  son 
president,  son  secretaire  principal  et  ses 
secretaires.  Les  presidents  de  section  sont,  de 
droit,  membres  du  bureau  de  la  session. 

Les  sections  et  les  commissions  so  dissolvent 
a  la  fin  de  chaque  session. 

Art.   15.  —  Lcs  discussions  du  Congres 


For  lines  not  more  than  311  miles  (500  kilo- 
metres) 3  delegates. 

And  one  additional  delegate  for  each  addi- 
tional 311  miles  (500  kilometres)  or  fraction 
thereof. 

12.  —  At  the  opening  of  each  session  the 
officers  of  the  International  Commission  hold 
office  temporarily  while  the  Congress  elects 
its  own  officers  as  follows  :  — 

1 .  One  or  more  honorary  presidents  [prd- 
sident  d*honneur), 

2.  An  acting  president  {president). 

3.  Vice-presidents. 

4.  Presidents  of  the  different  sections  in 
accordance  with  art.  14. 

5.  A  general  secretary. 

6.  Secretaries. 

The  delegate  nominated  first  by  each 
Government  is  ex  officio  vice-president. 

All  the  officers  are  appointed  for  the  dura- 
tion of  the  session. 

The  election  takes  place  according  to  the 
rules  laid  down  in  article  16,  paragraph  6. 

The  duties  of  the  officers  are  those  laid 
down  by  the  rules  of  deliberative  assemblies 
for  the  conduct  of  their  proceedings. 

13.  —  At  the  opening  of  each  session,  and 
after  the  appointment  of  the  officers,  the  Con- 
gress divides  into  sections  (way  and  works, 
locomotives  and  rolling  stock,  traffic,  gene- 
ral, etc.). 

A  member  may  enter  his  name  in  more  than 
one  section. 

The  C^^ngress  may  also  appoint  special 
Committees. 

14.  —  Each  section  appoints  its  own  pre- 
sident, its  own  chief  secretary,  and  its  secre- 
taries. The  presidents  of  each  section  are, 
in  virtue  of  their  position,  officers  of  the  Con- 
gress. 

The  sections  and  the  Committees  cease  with 
the  termination  of  each  session. 

15.  —  The  discussions  of  the  Congress  are 
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portent  sur  les  questions  inscrites  au  pro- 
gramme de  la  session. 

Cc  progr&mme  ^t  arr^td  par  la  Commis- 
sion intemationalc ;  il  y  est  tenu  comptc  des 
indications  resultant  des  deliberations  du 
ppec6dent  Congr^s  et  de  ses  sections. 

La  Commission  revolt  les  propositions  des 
adbci-ents ;  un  rapporteur  ddsign^  par  la  Com- 
mission r6digc  un  expos6  sommaire  et  sans 
conclusions  des  elements  de  chaque  question, 
aiusi  que  Tanalyse  des  dociuncnts  qui  lui  ont 
ete  transmis. 

Art.  16.  —  Les  discussions  ont  lieu  en 
fran^ais  ou  dans  la  langue  du  pays  oCi  se  tient 
Ic  Congrfe.  Des  interpr^tes  traduisent  en 
fran^  les  discours  prononc^s  dans  une  autre 
languc. 

Les  proems  verbaux  et  les  comptes  rendus 
sent  r^digds  en  fran^ais,  mais  les  oratcurs 
ont  lo  droit  d*exiger  la  reproduction  de  leurs 
d^larations  originales  en  regard  de  la  tra- 
duction. 

Les  discussions  ont  lieu  d'abord  en  sections. 

Les  bureaux  des  sections  r^digent  un 
rwiim6  des  d^bats  foimulant  les  divcrses 
opinions  emises  dans  la  section.  Apr^s  appro- 
bation par  la  section,  ces  r6sum6s  sont  pr^- 
icnt6s  &  Tassembiee  pl6nidre  et  inseres  dans  Ic 
Focte-verbal,  en  y  ajoutant,  s'il  y  a  lieu,  la 
option  des  opinions  nouvelles  ^mises  au  sein 
doTassembiee  pl^ni^re. 

LeCongrds  n'dmet  de  votes  qu'en  ce  qui 
<^oaceme  les  questions  relatives  au  r^gleniont 
on  se  rattachant  k  Torganisation  de  I'institu- 
tioD. 

Les  votes  sur  ces  questions  sp^ciales  ont 
Ilea  i  la  majority  des  membres  assistant  au 
Congrte.  II  est  precede  au  vote  par  assis  et 
lerd;  s'il  eziste  un  doute  sur  le  rdsultat  du 
Tote,  11  est  pas86  au  scnitin.  Le  vote  par  appel 
nominal  n'a  lieu  que  s'il  en  est  fait  la  demande 
par  douze  assistants. 


confined  to  the  questions  set  down  on  the  pro- 
gramme of  the  meeting. 

This  programme  is  drawn  up  by  the  Inter- 
national Commission,  with  the  help  of  sugges- 
tions made  at  the  meetings  of  the  previous 
Congress  and  its  sections. 

The  Commission  receives  suggestions  from 
adherents.  The  reporter  appointed  by  the 
Commission  prepares  a  brief  outline  of  each 
question  without  expressing  conclusions,  and 
also  a  summary  of  the  contents  of  the  docu- 
ments which  have  reached  him. 

16.  —  The  discussions  take  place  in  French 
or  in  the  language  of  the  country  in  which 
the  Congress  is  held.  Speeches  in  any  other 
language  are  translated  into  French. 

The  minutes  and  reports  are  drawn  up  in 
French,  but  the  speakers  are  entitled  to  claim 
that  their  original  words  shall  be  printed 
alongside  of  the  translation. 

The  subjects  are  discussed  in  the  first  place 
in  the  sections. 

The  officials  of  the  respective  sections  draw 
up  an  abstract  of  the  discussions,  setting  forth 
the  various  opinions  expressed  in  the  section. 
After  receiving  the  approval  of  the  section, 
these  abstracts  are  submitted  to  the  general 
meeting  and  inserted  in  the  minutes,  there 
being  added,  if  necessary,  a  statement  of  any 
new  opinions  expressed  at  the  general  meeting 
itself. 

The  Congress  does  not  vote  except  on  ques- 
tions of  management  or  organisation. 


On  these  special  questions  the  votes  of  the 
majority  of  the  members  present  are  taken  by 
sitting  and  rising.  If  there  is  any  doubt 
the  votes  are  counted.  A  call  of  the  roll  can 
only  be  made  if  at  least  a  dozen  members 
demand  it. 
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COTISATIONS, 
REVISION    DES    STATITS,  ETC. 

Art.  17.  —  Lcs  frais  dcs  sessious,  de  la 
Commission  intornationale  ct  du  Comite  sent 
a  charge  d'line  caisse  aliment6e  : 

1°  Par  les  ootisations  aimuolles  des  adhe- 
rents; 

2°  Par  des  subventions  et  autres  lib^ra- 
lites. 

Les  cotisations  annuelles  des  adh6rents  so 
composent  : 

a)  Pour  les  gouverncments,  d'une  alloca- 
tion fix^  par  eux-mfimes; 

b)  Pour  les  Administrations  dc  chemins  de 
fer,  d'une  part  fixe  de  100  francs,  plus  une 
{>art  variable  propoiiionnelle  a  I'etendue  de 
leur  r^seau.  Cetto  rotisation  variable,  dt:^tin6e 
a  couvrir  le  budjret  de  T Association,  ne  pi^ut 
depasser  25  centimes  par  kilometre. 

L'annee  socialc  commence  le  lo  avril. 

Art.  18.  —  Les  cotisations  donnent  le 
droit  aux  adhrrents  de  nrevoir  pratuitement 
los  comptes  rend  us  des  sessions  a  un  nombre 
d'exemplaires  indiqu6  par  le  nombre  de  ieurs 
delegues  augmente  d'une  unite. 

Les  autres  publications  sont  envoyees  aux 
Administrations  adhdrentes  en  raison  de  leur 
importance,  calculee  d'apres  les  bases  de 
I'arlicle  1 1,  et  des  abonnements  a  prix  r6duits 
peuvent  v\w  accord es. 

Aht.  \\).  —  La  ComnrLssion  iiilcrnationale 
presente,  u  chaque  session  du  Congres,  un 
ra|)p()rt  sur  I'administration  des  finances.  Le 
('on^nes  iiunuiK.'  dt,nix  i'oinrnissair»'s  c-liarges 
de  la  verification  des  roniptcs. 

Art.  20  —  Toute  proposition  de  iX3vision 
desstatuts  doit  C'trc  presentee  a  la  Commission 
intornationale,  avoc  motifs  a  I'appui,  trois 
mois  au  moins  avant  I'ouverture  dc  la  session, 
de  faron  a  pouvoir  ^tre  portee  jmr  la  Commis- 
sion a  hi  connaissance  df\s  adherents  un  mois 
au  moins  avant  cette  ouvcrture.  La  proposi- 
tion, avant  sa  prise  en  consideration  par  le 


SUBSCRIPTIONS, 
REVISION  OF  THE  CONSTITUTION,  ETC. 

17.  —  The  cost  of  the  meetings  of  the 
International  Commission  and  the  executive 
Committee  are  defrayed  by  a  fund  formed  of : 

1 .  The  annual  subscriptions  of  adherents. 

2.  Subsidies  and  other  casual  receipts. 

The  annual  subscriptions  of  adherents  con- 
sist of  : 

a)  In  the  case  of  governments  an  amount 
fixed  by  themselves ; 

6)  In  the  case  of  railway  administrations  a 
fixed  sum  of  £  4  ($  20),  plus  a  sum  propor- 
tionate to  the  length  of  the  system.  This 
variable  sum  necessary  to  meet  the  expenses 
of  the  Congress  may  not  exceed  2  1/^  d. 
(5  cents)  per  mile. 

The  financial  year  begins  on  the  15th  April. 

18.  —  The  subscriptions  entitle  each  adhe- 
rent to  receive  as  many  reports  of  the  proceed- 
ings as  the  number  of  its  delegates,  plus 
one. 

Any  other  publications  of  the  Congress  are 
sent  to  the  subscribing  administrations  in 
numbei's  based  upon  their  mileage  in  confor- 
mity with  article  1 1 ;  and  subscriptions  may 
be  permitted  at  a  reduced  rate. 

19.  —  The  International  Commission  pre- 
sents at  each  session  of  the  Congress  a  report 
on  the  financial  position.  The  Congress 
ap])oints  two  auditoi's  to  pass  the  accounts. 

20  —  Kveiy  proposal  for  a  revision  of  the 
constitution  must  be  submitted  to  the  Inter- 
national Commission  with  the  reasons  for  its 
adoption  at  least  three  months  before  the  date 
fixel  for  the  opening  of  the  session,  so  that  it 
may  be  brought  by  the  Commission  to  the 
knowledge  of  the  adherents  at  least  one  month 
before  that  date.     No  proposition  can  be  taken 
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Congres,  doit  fit  re  appuy6e  par  la  Commission 
ou  par  vingt-cinq  membres. 

Art.  21.  —  Lcs  adherents  s'cfforcont  de 
fadliter  les  rfiunions  du  Congrds  et  la  mission 
de  la  Commission  internationale. 


INSTRUCTIONS 


POUR 


■  les  Prteidentfl,  les  Secretaires  princi- 
panx,  les  Rapporteurs  et  les  Secretaires- 
Ri^porteiirs  des  sections. 


L'exp^icnce  des  sessions  pr6c6dentos  ayant 
oontro  qu'il  etait  n6cessairc  d'appoi*ter  une 
«?rtaine  uniformit6  dans  la  marche  et  la  di- 
rection des  discussions  des  sections,  le  Comite 
*le  direction  de  la  Commission  internationale 
a  cru  devoir  fairc  r^diger  les  instructions  sui- 
^tes  pour  scrvir  de  guide  a  MM.  los  prcsi- 
<ientR,  les  secretaires  et  les  rapporteurs  des 
sections. 

I.  —  Composition  des  bureaux. 

o]  En  vertu   de  rarticlc  14  des  statuts, 
<'haque  section  nomme   son   president,   son 
^retaire  principal  et  ses  secretaires.  Comme 
ii  importc  que  les  fonctions  de  presidents  et 
de  secretaires  principaux  soient  6quitablemcnt 
i^partics  entre  les  diverses  nationalites  repre- 
sentees au  Congres  et  que  les  candidats  puis- 
sent  sc  preparer  a  les  remplir,  la  Commission 
internationale  soumet  a  la  ratification  des 
sections  les  candidatures  choisies  k  I'avance. 


b)  La  Commiasion  internationale  designe, 
en  outre,  un  ou  plusieurs  secrdtaires-rappor- 
teuts  par  sectioci  afin  d'aider  les  rapporteurs 


into  consideration  by  the  Congress  unless  it  is 
supported  either  by  the  Commission  or  by  25 
members. 

21,  —  The  adlierents  pledge  themselves  to 
promote  the  meetings  of  the  Congress  and  the 
mission  of  the  International  C-ommission. 


INSTRUCTIONS 


FOR 


the  Presidents,  Secretaries,  Reporters  and 
Secretary  Reporters  of  Sections. 


— »«XCS-!— 


The  experience  of  previous  sessions  havin  g 
shown  the  necessity  of  adopting  some  kind  of 
system  in  the  work  and  discussions  of  the 
different  sections,  the  Executive  Committee  of 
the  International  Commission  has  deemed  it 
expedient  to  draw  up  the  following  instruc- 
tions to  assist  the  presidents,  secretaries  and 
reportei's  of  sections  in  caiTying  out  their 
duties. 

1.  —  Election  of  ofhcers. 

a)  According  to  article  14  of  the  statutes, 
each  section  shall  appoint  its  own  president, 
secretary  and  assistant  seinvtaries.  As  it 
is  advisable  that  the  functions  of  the  presi- 
dents and  secretaires  should  be  fairlv  dis- 
tributed  anK>ng  the  different  nationalities 
represented  at  the  Congress,  and  also  that 
candidates  should  be  enabled  to  prepare 
themselves  for  carrying  out  the  said  functions, 
the  International  Commission  will  submit  the 
names  of  candidates  selected  beforehand,  for 
ratification  bv  the  various  sections. 

b)  The  International  Commission  will  also 
name  one  or  more  secretary  reporters  for  each 
section.     They  will  be  required  to  assist  the 


108 


DISPOSITIONS  STATUTAIRKS  Sc  RfiOLEMENTAIRES. 


'  a  resumer  leui^  exposes  dans  les  deux  lan- 
gues  (fran^ais  et  anglais). 

Le  pr6sident  de  chaque  section  pr6sente  a 
la  ratification  de  I'assemblee  la  nomination 
des  autres  secretaires  qu'il  desire  s'adjoindre 
comme  collaborateurs. 

II.  —  Usage  des  langupis. 

a)  En  vcrtu  de  I'articlc  16  des  statuts,  «  les 
•*  discussions  ont  lieu  en  fran^ais  ou  dans  la 
♦*  langue  du  pays  ou  se  tient  le  Congres.  Des 
«  interpr^tes  traduisent  en  fi^ngais  les  dis- 
«  cours  prononces  dans  une  autre  langue  ». 

b)  En  CO  qui  concerne  la  5**  session,  la  Com- 
mission internationale  a,  en  outre,  d6cid6  que 
tons  les  discours  et  les  communications  en 
fran^ais  seraient  traduits  ou  resum6s  en 
anglais  Les  secretaires-rapportoui's  voudront 
bicn,  a  cct  effot,  protor  leur  concoure  au  pre- 
sident et  au  secretaire  principal  de  chaque 
section. 

III.  —  Travaux  des  sections. 

a)  Fixation  de  Vo7'dre  du  jour  de  chaque 
section.  —  Au  debut  de  la  session,  le  presi- 
dent de  chaque  section  determincra,  d'accord 
avec  I'assemblee,  Tordre  du  jour  des  seances, 
de  maniere  a  fixer,  aussi  exactement  qu'il  est 
possible  de  lo  faire,  le  jour  ou  sera  abordee  la 
discussion  de  chacune  des  questions  soumiscs 
a  la  section  seule  ou  reunie  a  d'autres. 

h)  Rclsumd  du  rapport  par  le  rapporteur. 
—  F^our  cntamer  Tetudc  d'une  question,  le 
president  donnera  la  parole  au  rapporteur  qui 
fera  connaitre  ^  la  section  la  substance  de  son 
ex[>ose.  Le  rapporteur  est  instamment  prie  de 
ne  pas  lire  son  rapport  in  extenso,  ma  is  de  le 
resumer  d'une  maniere  concise  en  insistant 
sur  les  points  principaux  qui  y  sont  deve- 
loppes  ct  on  faisant  bien  ressortir  les  opinions 
diflerentes  exprimees  dans  leure  reponses  au 
questionnaire  detaille  par  les  chemins  de  for 
participant  d  I'Association  ainsi  que  les  con- 


reporters   in  summarizing  their  reports  in 
French  and  English. 

The  president  will  submit,  for  the  approval 
of  the  meeting,  the  names  of  other  assistant 
secretaries  whom  he  may  desire  to  assist  him. 


II.  —  Languages  used. 

a)  According  to  article  16  of  the  statutes, 
t(  discussions  take  place  in  French  or  in  the 
••  language  of  the  country  in  which  the  Con- 
».  gress  is  held.  Speeches  in  any  other  lan- 
».  guage  arc  translated  into  French.  »» 

b)  With  regard  to  the  5'*^  session,  the 
International  Commission  has  decided  that  all 
speeches  and  communications  in  Frencli  shall 
be  translated  or  abstracted  into  English. 
Secretary  reporters  will  therefore  accordingly 
afford  all  the  assistance  in  their  power  to  the 
president  and  secretary  of  each  section,  with 
this  object. 

III.  —  Work  of  sections. 

a)  Arranffement  of  programme  of  the 
sittings  of  each  section.  —  At  the  opening  of 
the  session,  the  president  of  each  section 
shall  decide  with  the  approval  of  the  meeting, 
the  progi^amme  of  the  sittings,  in  order  to 
fix,  as  far  as  possible,  the  day  when  shall  be 
discussed  each  of  the  questions  submitted  to 
the  section  alone  or  meeting  jointly  with  ano- 
ther. 

b)  The  reporter  s  summary  of  his  report, 
—  To  op<3n  a  discussion,  the  president  shall 
request  the  reporter  to  give  the  section  a 
summary  of  his  report.  The  reporter  is  par- 
ticularly requested  not  to  read  his  report  in 
eoctensOt  but  only  to  give  an  abstr«ict  of  it, 
dwelling  on  the  main  points  which  are  enlar- 
ged upon  in  his  report,  and  laying  stress  on 
the  answei's  given  to  the  detailed  list  of 
questions  by  the  railway  companies  who  arc 
members  of  the  Congress,  calling  attention  to 
the  different  opinions  expressed  by  the  said 
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elusions  propos^es.  Pour  bien  attcindre  ee 
rdsxrltat,  il  conviendra,  avant  d'6noncer  les 
con  elusions,  de  rappeler  bridvement  Ics  con- 
sidorations  g^n^rales  Ics  plus  importantcs 
dcjik.  indiqu^es  au  cours  du  r6sum6,  afin  que 
ccllcs-ci,  jointes  aux  conclusions,  constituent 
ui\  tout  complet  par  lui-mSme.  Autant  que 
possible,  Ic  rapporteur  ne  devra  pas  parler 
plus  d'une  dcmi-heurc. 

c)  Discussion,  —  Le  r6sum6  de  rexpos6 
6taiit  termine,  le  president  ouvrira  la  discus- 
sion. Si,  comrae  cela  arrive  assez  souvent,  une 
certaine  h&itation  se  produit  parmi  les  d616- 
g'uos  presents  et  si  aucun  d'eux  ne  demandc 
la  parole  inini6diatement,  le  president  no  se 
hdtcra  pas  de  declarer  les  conclusions  adop- 
t6€*s.  II  s*efforcera,  au  contraire,  dc  provoquer 
Ics   discussions  en   attirant    Tattention    des 
mcmbres  sur  les   points   du   rapport  qu'il 
jugcrade  nature  k  soulever  des  objections,  et 
il  fcra  tons  ses  efforts  pour  obtenir  des  decla- 
rations intdressantes  et  des  renseignements  de 
la  part  des  person ncs  qu'il  soiip^onncra  avoir 
spdcialement  etudi6  la  question, 

Lc  president  veillcra  a  ce  que  les  prescrip- 
tions relatives  a  I'usage  des  langucs  soicnt 
ob<cn'6cs. 

cf]  Cldttire  de  la  discussion.  —  En  cas  do 
Passion  sur  la  duree  des  debats,  la  cloture 
sera  prononc6c  par  I'assemblde  ^  la  majority 
des  deux  tiers  des  mcmbres  presents.  La  dis- 
^^^ionetant  close,  les  conclusions  ainsi  quo 
les  amondements  qui  auraient  pu  y  6tre  pro- 
scnt6s  au  cours  des  d6bats  seront  mis  aux 
^wx  et  adopters  k  la  majority  des  niembres 
presents. 

c}  Lecture  du  rapport  de  section  et  des  pi  o- 
i^de  conclusions  d  la  stance  plejudre.  —  Le 
pp&ident  ou  lc  secn^taire  principal  de  la  sec- 
tion aid6,  s'il  j  a  lieu,  par  les  secretaires,  fera 
pr6c6dcrle  texte  des  conclusions  qui  doitfitre 
foumis  aux  deliberations  de  Tasscmblec  pl6- 
»i6re,  d'un  resume  d3  la  discussion  ddsigne 
sous  lc  nom  de  rapport  de  section.  Co  rap- 
port, qui  devra  refl6ter  le  plus  exactement 


companies  and  the  conclusions  to  be  drawn. 
In  order  to  achieve  this  object  it  is  advisable 
to  begin  with  a  statement  of  the  conclusions 
arrived  at,  and  then  to  point  out  brieflj  the 
more  important  views  already  mentioned  in 
the  sunmiary,  so  that  they  may,  jointly  with 
the  conclusions,  form  a  complete  statement. 
It  is  desirable  that  reporters,  should,  as  far 
as  possible,  limit  their  opening  speeches  to 
half-an-hour. 

c)  The  discussion.  —  WTien  the  reporter 
has  concluded  his  remarks,  the  president 
shall  open  the  discussion  If,  as  is  frequently 
the  case,  the  delegates  present  hesitate  to 
come  forward  and  state  their  views,  the  pre- 
sident shall  not  hastilv  declare  that  the  con- 
elusions  are  adopted  by  the  meeting.  He 
shall,  on  the  contrary,  invite  discussion  by 
calling  the  attention  of  those  present  to  certain 
features  in  the  report  which  he  may  consider 
open  to  criticism,  and  he  shall  endeavour  as 
far  as  possible  to  obtain  interesting  remarks 
and  information  from  delegates  present  whom 
he  may  think  specially  qualified  to  give  an 
opinion  on  the  subject  in  question. 

The  president  shall,  moreover,  s(?e  that  the 
regulation  rcgarding  the  languages  employed 
is  duly  observed. 

d)  Closure  of  the  discussion.  —  A  majority 
of  two-thirds  of  members  present  shall  at  any 
time  have  power  to  declare  a  discussion  at  an 
end,  should  any  question  arise  as  to  its  dura- 
tion. When  a  discussion  is  closed,  the 
conclusions  and  also  any  amendments  that 
may  have  been  proposed,  will  be  put  to  the 
vote  in  the  ordinary  maimer. 

e)  Presentation  of  conclusion  to  thegenci'al 
meeting.  —  The  president  or  the  secretary, 
with  the  help,  if  necessary,  of  the  assistant 
secretaries,  shall  draw  up  a  resume  of  the 
discussion  (called  a  sectional  report)  as  an 
introduction  to  the  conclusions  which  are  to 
be  submitted  to  the  general  meeting.  This 
report  shall  give,  as  far  as  possible,  the 
general  drift  of  the  discussion  and  shall  indi- 
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puEsiUo  I'allure  dc  la  discussion,  repi'oduira 
Ics  orgumeutE  priiicipaui  d6vek>pp6s  ot  icdi- 
queivles  pcrsonnes  qui  ks  ont  Mt  ralair. 

he  itpport  de  scciion  a  mie  grandy  impor* 
lance paree  qu'il  Uecit  les lUfiiibreB  dorasBem- 
blte  gbudnle  qui  ii'ojit  pas  assist^  aui 
sAaiices  de  scctinu  au  courant  dc  Vital  de  In 
qiufstion.  S'il  cct  bieo  Tait,  si.  sans  Ctrc  trop 
(l6velopp6,  il  resume  d'une  maiiidre  notte  et 
concise  t'cnseinble  de  tn  discu^ioii.  il  peut, 
dons  l>ic[i  dea  cas,  6vii«r  qu'uo  d6bftt  fipuieu 
so  rciiouvclle  iiiutilement  en  s&incti  pl6ui6rc. 

II  vsl  hiett  difficile,  sinon  impossible,  de 
tracer  Ic  plan  prteis  d'uii  tcl  tiavail. 

Oil  trouvcra  daus  Ics  eouiplt;s  I'eiidus  dea 
sessions  ant^rieures  de  noiubreui  cxemplus 
de  rappcru  I'edigfis  avec  grand,  talent  el  p>:i- 
gaaal  admirablement  k  piijsionomic  dcs  dis- 
cusEJoiis,  Ma^la  pUipaK  d'enlreeuir^umeitt 
lea  trillions  sans  cilei"  Ice  uoide  dcs  personnis 
qui  les  nut  Onuses.  L'assembl^  pleni^re  a 
I'cpcudant  Ic  droit  d'6tre  compl^temciit  i^lair6e 
aur  CO  qui  s'cst  passS  en  sections. 

Nous  proposcroos  le  modi^lc  suivant  r 
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B-Tpport*  del  3'  el  J"  iFrlioiii  ii"uiiiV». 

-  Le  rapporteur.  Mr.  Pol  LefiVrrc.  fuil  resEorlir 
la  tcudaiice  assez  g^tidinle  dea  Adtniiiislratioas 
da  clMDiius  da  fer  en  Aulricb«.  AlleaMgue.  Hol- 
luide  el  Suima,  A  augmeiilei'  la  capacite  de  leui's 
wa^oa  plals  et,  pnrliculii.'renie]|t,  a  porter  de  tO 
a  to  lonnex,  par  voie  dc  Lraasfoi'inatioii,  \a  capa- 
cil*  de  leurs  wngona  ddcouvei'ts  a  deui  essiem. 
II  i-apporlo  ee  rait  que  I'Elut  prussiso  n  Iraos- 
twnti  £,3b0  vrogoii^t  tt  liouille  de  tO  lonues  en 
wagons  (to  ]2.5et  de  15  tonnes  avec  une  dipetme 
deSSfr.  93  c.  (£  I-IMO)  pnr  wagon.  Dans  ces 
roudiliouB,  la  I'^lbrnie  ne  peut  miiujiiei',  d'.ipn'i 


cato  Liu;  principal  arffitnienU  used,  with  Ihc 
uamcs  of  ilic  speakcnt. 

The  scetioiia]  report  is  of  gnmt  importaore, 
as  it  will  keep  tho«o  membeit  wfau  havi-  been 
miabte  to  attend  all  the  jnaptings  ol  the  sec- 
tions informed  on  tlie  matter  itnil^  diseustiou. 
IE  tliiB  report  is  careftilly  dravn  up,  not  too 
burdened  with  detail,  but  eiving  a  conctN 
and  i^encral  idea  of  the  diseunsion,  it  will  in 
man;  ea-scs  avcid,  in  general  mncting,  the 
uselcM  discusfieii  ol  a  sobjei-t  wbifh  has  bt-en 
fnlly  threshed  out. 

It  is  eili-emel/ difficult,  if  not  impossiblo, 
to  draw  out  on  exact  plui  oC  a  task  Each  at 
this. 

In  the  pi-ocecdings  of  former  scasionB  will 
be  fotidd  iiuinerouB  esainpU-s  of  nJpOTIe, 
drawn  up  with  great  abililr.  which  rwprodueH 
adiuirablj  tbo  charactor  of  the  disru^ous. 
Most  of  the  reports,  however,  slate  ibe 
Tarious  opinions  without  appending  tlicnanu-s 
ot  their  authors.  Tho  genei'nl  mertling  sliould 
eertainlj  be  informed  of  nil  llint  has  taken 

The  following  is  subniiltcd  as  a  sp-x'imen  : 
QUESTION  XIIIB  OF  THE  Jt'SKSSK'N. 


Reports  of  the  S "*  and  3'*''  sections,  mertaig 

•  The  reporter,  Hr.  Pol  Leflgvr*,  demonstrates 
iliol  Railno;  AdminiK  I  rations  in  Austria,  Oer- 
maiiy,  Holland  and  Swilierland,  gBnerall;  land 
to  Iucrcas«  Ibe  tonnage  eap.icilj  of  tlwlr  lovsided 
goods  wagons,  and  esp^alt}  lo  couvert  Iheir 
lO'ton  into  lo-ton  4  nheclcd  npen  goods  n'o^oa. 
He  elnles  tbal  tlie  Prussian  Stole  K.-iilira;a  have 
convorled  2.860  lO-lon  coal  trucks  into  18  1(2 
andl5-loniilac;ostor£  1-tO  lOiUSfr.  93  c  )per 
truck.  Under  Ibeso  circiinislaueci,  lie  considers 
that  the  fonrersLon  cannot  6il  to  be  an  advanta- 
geous one,  tlie  old  tO-tun  wagons  being  used  at 
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le   rapporteur,  d'etre  avantageuse,  les  anciens 

de  10  toones  tont  utilises  comme  par  Ic 

sans  g^nd  inconvenient  lorsqu'iis  ne  trou- 

venfc    pas  nu  diargement  de  15  tonnes.  En  re- 

Ttiftclie,  quaod    on    obtient   de   Taliment    pour 

15  to  nnes,  on  con^oit  tout  ce  que  Ton  peul  gagner, 

nar  'tonne,  au  point  de  vue  des  d^penses  de  con. 

strackion  et  d^enlretien  du  materiel,  des  d^penses 

de   manutention,  de  classement  et  de  triage,  dc 

\raction,  etc.  La  capacity  par  tonne  des  voies  de 

service  est  ^alement  augment^e  dans  une  forte 

proportion. 

«  Une  note  pleine  d'inl^ret  de  M.  Ely,  Ting^- 
ueur  eo  chef  da  la  traction   du  Pennsylvania 
Railroad,  montrait  qu'en  Am^ique  on  ax-ait  el^ 
bevicoup  plus  loin,  le  tonnage  de  30  tonnes  y 
elaat  adopts  depuis  longtemps  pour  les  wagons  a 
hooille.  II  en  est  r^sultd  une  r^uction  de  566  ki- 
logrammes (1,245.2  livres)  a  368  kilogrammes 
(809.6  livres)  du  poids  mort  par  tonne  offerte 
(31.8  p.  c),  de  566  fr.  75  c.    (i;  22.8-11)  a 
373  francs  (£  14-15-10)  de  b  depense  de  construe- 
tioQ  par  tonne  do  capacity  (33  8  p.  c),  de  48 
(inj  i26(10"2)  centimetres  de  la  longueur  par 
lODDe  offerte  (45 . 6  p.  c . ). 

•  Mr.  Frescot  (Mdditcrranee  italienne),  dont  la 
Gompagnie  a  cependant  depuis  longtemps  des 
vagonsde  12  tonnes,  a  objects  a  raugmentation 
de  ce  tonnage  que,  dans  I'^tat  actuel  des  r^gle- 
ot^Qti,  les  lignes  secondaires  de  son  rdseau  ne 
pourraient  supporter  le  poids  de  12  1/2  tonnes 
P«r  e«ieu  dont  pourraient  les  charger  des  wagons 
(^15 toones  a  deux  essieux.  Son  Administration 
4  cherch^  cependant  adiminuer  le  poids  mort  des 
wagons  par  I'emploi  de  Tacicr. 

•  Plasieurs  orateurs  onl  eiisuite  parle  tour  a 
lonr  pour  et  conlre  la  r^forme  :  d^favoraljle 
lorsque  le  Irafic  est  plus  sp^cialement  agricole 
o««ujet  k  transbordement,  d'apres  les  uns ;  utile 
pour  le  trade  des  matieres  pond^reuses  et  sans 
«ftt  Duisible  dans  le  cas  coatraire,  d'npr^s  les 
aatreg. 

•  Citons  parmi  les  tcmoignages  favonibles, 
^x  des  cbemins  de  fer  hoUandais  (Mr.  Verloop) 
flnwses. 

•  Mr.  Kerbedz,  vice-pr6sideut  du  cherain  de  fer 
Vladicaacase,  a  fait  connaltre  que  raugraentalion 
<J€  la  capacity  avait  parfaitement  r6ussi  sur  son 
'^u,  grftce  a  quelques  avanloges  accordes  aux 
"pWiteurs.  Mais  I'assembl^e  a  6t6  impressionnde 


before,  without  any  inconvenience,  when  a  15-ton 
load  is  not  forthcoming.  On  the  other  hand, 
when  the  15-ton  loads  can  be  obtained,  the 
I'esulting  economy  j)er  ton  is  obvious,  not  only 
from  the  point  of  view  of  construction  and  main- 
tenance of  the  rolling  stock,  but  also  of  handling, 
classification,  sorting,  haulage,  etc.  The  ton- 
nage capacity  of  the  lines  is  also  materially 
increased. 


««  In  a  very  interesting  note  Mr.  Ely,  chief  ol 
motive  power  of  the  Pennsylvania  Railroad, 
sliowed  that  in  the  United  States  they  had  gone 
still  further,  a  tonnage  of  30  tons  having  been 
adoptel  for  coal  trucks,  which  resulted  in  the 
following  reductions :  — 

-  From  1,245  2  lbs  (566  kilograms)  to  809'6  lbs 
(368  kilograms)  dead  load  per  ton  (31*8  p.  c), 
from  £  22  8-11  (566  fr.  75  c.)  to  £  14-15-10 
(373  francs)  in  construction  cost  per  ton  capacity 
(33-8  p.  c),  and  from  188"  (48  centimetres)  to 
10*2"  (26  centimetres)  in  the  length  per  ton  capa- 
city (456  p.  c). 

••  Mr.  Frescot  (Mediterranean  Railway,  Italy), 
whose  company  adopted  12-ton  wagons  long 
ago,  nevertheless  objected  to  an  increase  in  ton- 
nage on  account  of  the  regulations  at  present  in 
foice  fur  their  secondary  lines,  which  lie  addetf 
were  such  that  the  latter  cotrM  not  support  the 
weight  of  12  f  2  tons  per  axle  which  would  follow 
upon  the  adoption  of  15-ton  wagons  His  com- 
pany sought,  he  added,  to  diminish  the  dead 
weight  by  the  use  of  steel. 

<*  Several  speakers  then  followed,  taking  oppo- 
site views  to  one  another,  some  opposing  the 
change  where  traflfic  is  chiefly  agricultural  or 
subject  to  transhipment,  others  favouring  the 
transformation  for  bulky  goods  tratfic  and  consi- 
dering it  harmless  where  traffic  is  not  bulky. 

<*  The  Dutch  Railways  (Mr.  Verloop)  and  the 
Russian  were  favourable  to  the  change. 

-  Mr.  Kerbedz,  Deputy  Chairman  of  the  Vladi- 
caucasus  Railway,  pointed  out  that  an  increase 
in  the  tonnage  capacity  of  wagons  had  worked 
very  successfully  on  his  Company's  line,  thanks 
to  certain  advantages  offered  to  consignors.     A 
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par  un  discours  de  Mr.  A.  Sarliaux,  inginieur  en 
chef  de  1  exploitation  du  Nord  frangais,  mettant 
en  doute  la  possibility  de  la  transformation  des 
wagons  de  10  tonnes  de  son  rdseau  en  wagons  de 
15  tonnes,  et  d^larant  que  cetle  rdforme  serait 
contraire  aux  desirs  du  commerce. 

«*  L  assenibl6e  s'est  done  bornde  a  admettre  le 
tprojet  de  conclusions  suivant,  qu'elle  soumet  ^ 
J'assembl^e  pl6ni6re  : 

PROJET    DE   CONXLLSIONS. 

••  En  raison  des  conditions  essentiellement 
^  ditferentcs  qui  r^gisscnt  le  tra6c  des  di?ers 
«•  rdseaux,  il  n'est  pas  possible  d'indiquer  une 
•  r^gle  g^ndrale  pour  fixer  le  tonnage  a  donner 
«  aux  v^hicules  a  marchandises  en  vne  de  r6a1i- 
••  ser  les  meilleures  conditions  ^conomiques  de 
«*  Texploitalion. 

••  II  incombe  aux  services  charges  de  la  con- 

-  struction  du  materiel,  do  rcchercher  tous  les 

-  moyens  ayaiit  pour  but  de  diminuer  le  poids 
«*  mort  dans  des  proportions  compatibles  avec  la 
••  nature  du  trnfic,  avec  la  s6curit6  et  nvec  un  bon 
•••  entreticn.  •• 


speech  by  Mr.  A.  Sartiaux,  general  manager  of 
the  Northern  of  France,  was  very  effective. 
Mr.  Snrtiaux  doubted  if  it  would  be  possible  to 
convert  iO-ton  into  i5-ton  wagons  on  bis  line, 
and  declared  tliat  such  a  change  would  not  meet 
business  reqairementa. 

«*  The  meeting  therefore  confined  itself  to 
passing  Ihe  following  resolution,  which  was  sub- 
mitted to  the  general  meeting  t  — 

CONCLUSIONS  PRBSBNTED. 

«*  In  consideration  of  the  different  conditions 
M  under  which  various  railway  companies  work 
«*  their  lines,  it  is  impossible  to  lay  down  any 
M  general  law  governing  the  tonnage  of  goods 
«  wn«:ons  with  a  view  to  economical  working. 


«*  The  Departments  connected  with  the  con- 
«  struction  of  rolling  stock  should  seek,  by  all 
«  possible  means,  to  reduce  the  dead  weight  of 
M  wagons,  so  far  as  is  compatible  with  the  kind 
M  of  traffic,  with  safety  and  with  proper  mainte- 
«  nniicc.  •• 
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U  M  ]■!■  ItM,  *  3  kwm  tf«  r*l««<*. 


DANS  U  SALLE  DES  C£R£M0NIES  DE  L'INSTITUT 


OPENING  CEREMONY 


June  26, 1895,  at  three  o'olook,  in  the 


RECEPTION  HALL  AT  THE  IMPERIAL  INSTITUTE 


Le  prince  dc  Galles  ajant  accepts  dc  fairc 
rouvcrture  de  la  5*  session  en  quality  de  pr6- 
sident  d'honucur,  prend  place  sur  Testrade, 
ajant  a  sa  droite  Mr.  Bryce,  le  president  du 
« Board  of  Trade  »,  et  i  sa  gauche  Mr.  Dubois, 
le  prudent  de  la  Commission  internationale. 
Sur  Vestrade  se  trouvait  aussi  la  suite  du 
prince,  ainsi  que  les  deux  vicxj-presidents  de 
la  Commission,  les  membres  du  comit6  ex6- 
cutif  de  la  Commission  permanente,  les  mem- 
bres du  bureau  de  la  section  anglaise,  Lord 
Stalbridge,  president  de  la  Railway  Compa- 
nies'Association,  ct  Sir  Henry  Oakley,  secre- 
taire. 


Le  prlvce  dr  Gallks,  dont  I'arriv^e  est 
^ttmetllie  par  de  vifs  applaudissements,  s'ex- 
prime  on  ces  termes  : 

•>  Messieurs, 

'  h  m'acquitte  aujourd'hui  d'une  mission 
aussi  agr6able  qu'importante  en  proc6dant  k 
louYerture  de  la  cinquidme  session  du  Con- 
P^  des  chemins  de  fer.  Je  rcmplis  cetto 
^heaunom  delaReine,  qui  prend  I'int^rCt 
^  plus  vif  &  la  discussion  de  questions  qui 
toQchent  dc  si  pr^  aux  int^rSts  de  ses  Etats. 
Je  la  rcmplis  6galement  en  mon  nom  per- 
iod, heurcux  de  Toccasion  qui  m'est  offei*te 
d'adrcsser  ici  aux  administrations  dc  chemins 


The  Prince  of  Wales  graciously  con- 
sented, as  honorary  president,  to  formally 
open  the  Fifth  Session  of  the  Congress. 
Mr.  Bryce,  president  of  the  Board  of  Trade, 
was  seated  on  the  right  of  His  Royal  Highness 
on  the  platform ;  Mr.  Dubois,  president  of  the 
International  Commission,  being  seated  on  the 
left:  the  two  vice-presidents  of  the  Commis- 
sion, the  members  of  the  Executive  Com- 
mittee of  the  Permanent  Conmiission;  the 
president,  vice-president,  and  secretary  of  the 
English  Section ;  Lord  Stalbridge,  president, 
and  Sir  Henry  Oakley,  secretary  of  the  Rail- 
way G)mpanies'  Association,  being  also  on 
the  platform  near  the  Prince. 

The  Prince  of  Wales,  whose  arrival  was 
enthusiastically  welcomed,  expressed  himself 
as  follows  :  — 

«  Gentlemen, 

"  I  have  to  discharge  to-day  the  very  plea- 
sing and  the  very  important  duty  of  declaring 
open  the  Fifth  International  Railway  Congress. 
I  fulfil  this  duty  on  behalf  of  the  Queen,  who 
takes  the  greatest  interest  in  the  discussion  of 
matters  so  closely  affecting  the  welfare  of  her 
dominions.  I  do  so  on  my  own  behalf,  being 
glad  of  the  opportunity  of  expressing  my  deep 
appreciation  to  the  Railway  authorities,  both 
at  home  and  abroad,  for  their  unfailing  cour- 
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ic  :»r  ck'  rAii^'loteriv  ot  cle  Tetranger,  tous 
UK'S  :vnu*r\*iomoiits  pour  Tin^puisable  obli 
,^\iiuv  ;jLvi.v  hiquelle  dies  m'ont  toujours  faci- 
l.ic  MK*5>  Tuuiibivux  voyages.  Et,  enfin,  je 
•vttrj'I's  vvtto  ttWho  au  nom  dos  grandes  com- 
iM;s*  ^'5J>  doohoinins  do  U^v  de  oo  pays,  dont  la 
*^v^*tt  1^  awiHei^  a  un  gmiipe  d'hommes  de 
Ui  i»»xi>  hnuto  v»o»nvMom*o  ot  du  plus  grand 
\;ilcf.t  01  ^ui  iu\>iit  domaiidc  do  vouloir  bien 
Oir\*  lour  intorpnMo  on  ofito  oooasioii.  ,Ie  sou- 
ittiio  xU^o  U  l»iouvtMUio  on  Angleterrc,  ber- 
sVAit  dv'>  ohomins  ih»  for,  aux  drogues  dcs 
K'-.tis  vUi  v\»!itiiioul  01.  ohost^  unique  jusqu'a 
wvxoJit  vUns  los  annalos  ilu  Congi*Os,  a  oeux 

«  Sv^ixj^uto  dix  nns  so  M»nt  cvoul<^s  depuis  la 
.N»i'.>wuoiuM»  do  nouv  pivniior  oheniin  do  for, 
,s  .t\  SuvluMi  ot  l»arlingt«ui.  Cinq  aiis  phis 
AivU  oi^  lSx»0»  fill  inaugunV  dans  dos  oir- 
^\s:v^i  *  K\>*  qui  pri!>'ni  un  oaraotOiv  tragiquo, 
U  WN'»uu^»>'  h|;»^»'  »»uvorto  au  transport  dos 
\\^\^\HUV  wMi'*  lo  vontjVdo  du  Parltuuont  ot 
*^xN  ^u^  x>A|uul  Kou^v-ni  par  lo  publio.  (Vtto 
,^v'N.^vO;\>^  vxlonniio.  rioho  do  pronicssos 
,ss  •    .  ,*xv^-r.    U\\  anriM*^*  juir  un  ao<'idont 

.^ js^u»  .NMiMSpuMioi'  la  iui»ri  do  M    Hus- 

V.x^sfc^      ^Vu>\,"*uv    lo-    soixanti^    ann6t\^    qui 

V    XN    ..  ^^x  xlhMr.a\x  dr  fori*t^  sont  dovolopjMis 

:,  «-,x -,•/  o",uor»ot  la  nui.ion  do<'o  jour 

^    .    .  .  »  j.-vM\M  \\\w  n«»us  inspiro  totio 

,v    ^\-^^Mx^U:»Mo   qui.    plus  quo    touto 

,    ,  N    •  ,vv>vs:\vL^vuinul«t»on  di*s  riohossos 

.  y  .    ^  ,v   ,1,;  ,NM\iu\ono  y\\\  mondo,  ot  qui 

',  ,v    v^--^s^4'A  ,^^^'.*n^uv^  ;\  jx^svom^r  los  lions 

•V  ^^  i>A*.uMu  01  ;\  iMaldir  la  bonno 


^  .         ,..  .v  ,V,»  vVuct^S  doN  ohomins  d(» 

..v-.Vv   ^Wv^^VrtsN'  •^pKiMounut  au\  ohomins 

\    .     \>.  ^^\^x  '^v^vM^vS  .n;0\t  iMi^  ix'^unis  :\ 

^s,,..    .    =^      .  ^V>A%^b^Mlun^  do  for  lHdg»\s. 

V s.,s      •,v.^v.u.^>dopu»s;\  Milan 

^  '  <v     ,  t  ^\'.\.s    l^S^*  ^'  U  dorni^Mv  qui 

"^^     ^ ^  V.  i.'  ^S'A's^K^ur*:  on  l?^l*-  n^J«- 

ir^    u.s.v:i*VV  iv     *  <.v,v    Uploudido  qui 


tcsy,  and  for  the  facilities  which  they  have 
invariably  afforded  me  on  the  occasion  of  my 
many  journeys ;  and  I  i>erform  it  finally  in 
the  name  of  the  great  Railway  Companies  of 
this  country,  which  are  governed  by  a  body 
of  gentlemen  of  the  highest  ability  and  skill, 
who  have  asked  me  to  be  their  Fpokesman  on 
this  occasion.  I  welcome  to  England,  the 
birthplace  of  railways,  the  delegates  from 
the  Continental  States,  and  representatives, 
I  think  for  the  first  time  in  the  history  of 
these  congixjsses,  from  the  two  continents  of 
America.  [AjypJaitsc.) 


-  Nearly  seventy  yeai*s  ago  the  first  railway 
that  was  constructed  in  the  world  —  that 
between  Stockton  ajid  Darlington  —  was 
(opened.  Five  yeai*s  later  —  in  1830  —  under 
oiivumstances  of  the  most  tragic  kind,  the 
first  railway  constructed  under  parliamen- 
tary powers,  and  by  money  publicly  sub- 
scribed, was  inaugurated  for  i)assenger  trafiic 
between  Manchester  and  Liverpool,  and  a 
ceremony  of  great  interest  and  of  gi'eatcr 
promise  was  marred  by  the  lamentable  acci- 
dent which  le<l  to  the  death  of  Mr.  lluskisson. 
Ill  the  sixty  years  whioh  have  since  elapsed 
tln'  dt.'Vt'lopniont  of  railways  has  progressed 
throughout  the  world,  and  we  have  fitly  met 
lioi>'  to-dav  to  show  our  interest  in  that  ccle- 
bratod  industry  which,  probably  more  than 
any  other,  has  enhanced  the  wealth  and  fos- 
tort'd  the  tonnnerco  of  the  world,  and  has 
tend«d  t<»  prniiii»f.'  intoniational  friendship 
and  univtMsal  «roodwill.  [(liccrs.) 

"  The  Railway  (\>ngress  had  its  origin  in 
188r>.  whi'n  a  nunib'T  of  leading  railway  men 
mot  in  Rnissols  to  o«drbratethe  jubilee  of  tin* 
Belgian  i*ailways. 

«  Sessions  hav.'  sinro  born  held  in  Milan 
in  1S87,  and  in  Ptiiis  in  1>^^0,  and  the  last 
Con^iN^ss.  wliioh  assembled  in  St.  Petersburg. 
in  ISO'J.  was  made  momorablo  l^y  the  splendid 
hospitality  anil  groat  o!icoui*agement  given  to 
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qai  loi  fat  accords  par  feu  rempereur  de 
Rassie.  (Applcmdissenients.)  Je  crains,  xnes- 
sieurs,  que  nous  ne  puissions  vous  oiFrir  ni 
les  beant6s  de  I'ltalie,  m  les  plaisirs  de  Paris, 
oi  la  iteption  magnifique  qui  a  caract^ris^  la 
T^moh  pr^cMente ;  inais  nous  pouvons  vous 
mootier  Manchester,  Liverpool,  Cardiff  et 
Crewe,  ces  grands  centres  industriels  qui,  je 
Teq)^,  vous  offriront  d'utiles  enseignements 
etdesexemples  d'un  travail  f6cond. 

•>  Je  me  permets  dc  dire  m^me  cela  a  nos 
amis  des  Etats-Unis  (pays  qui  possedc  plus  de 
Iamoiti6  du  d6veloppcmcnt  kilom6trique  du 
fflODdeeutier),  ainsi  qu  aux  rcpr^sentants  des 
Indes  et  de  nos  colonies,  qui  ont  aid6  au 
'Woppement  des  chcmins  de  fer  aveo  une 
activite  et  un  suci'i^s  qui  mcriteut  les  plus 
chaudes  felicitations.  Le  programme  des  dis- 
CAUsions,  si  int^i-essant  qu'il  soit  pour  ceux 
qai,  comme  vous,  sont  comp^tents  dans  tous 
tei  d^ils  techniques,  aura  egalement  de 
I'attrut  pour  le  public. 

•  Vous  aurcz  a  examiner  non  seulemcnt  le 
pwblteie  de  I'acc^l^ration  de  la  vitessc  des 
trains  de  vovageurs,  mais  encore  les  moyens 
d'augmenter  le  confort  par  1' usage  des  voi- 
tores  i  intercirculation  et  par  le  perfection- 
»«nent  du  chauffage  et  do  I'eclairage.  Vous 
>wt2  egdcment  k  examiner  les  moyens 
^I'mgmenter  la  security  des  voyageurs  par 
^  periectionnements  apport^s  aux  signaux, 
P^'  les  enclenchements  des  aiguilles,  le 
^^^^  des  ponts  toumants,  etc. 

•  La  traction  electrique  vous  pr6sentc  un 
^'^p  relativeroent  pen  explore  jusqu'ici. 
^^j  en  T0U8  occupant  des  chemins  de  fer 

* 

^^WKmiiques,  vous  serez  en  mesure  de  nous 
^•ornir  des  renseignements  sur  une  question 
<^t  I'int^r^  va  croissant  dans  notre  pays,  et 
•P",  en  ce  moment,  est  soumise  aux  d61ib6ra- 
^  de  notre  Parlement. 

•  Dans  I'^tudc  de  toutes  cjqs  questions,  vous 
^tpporterez  non  seulement  votre  grand  savoir, 
Uttii  fous  serez,  j'en  suis  convaincu,  mus  par 


it  by  the  late  lamented  Emperor  ot  Russia. 
(Apj^ause,)  Gentlemen,  I  fear  that  we  can- 
not promise  you  the  beauty  of  Italy,  the  gaiety 
of  Paris,  or  the  magnificent  I'eception  which 
was  accorded  to  you  on  the  last  occasion 
upon  which  you  met ;  but  we  can  show  you 
in  Manchester,  Liverpool,  Cardiff,  and  Crewe 
great  centres  of  industry,  from  which  I  hope 
you  will  be  able  to  derive  useful  knowledge, 
and  in  which  you  will  be  able  also  to  sec 
examples  of  the  most  beneficial  work. 

«  I  venture  to  say  this  even  to  our  friends 
from  the  United  States  (a  country  which  owns 
nearly  half  the  railway  milc^^gc  of  the  world) 
as  well  as  to  the  repi*esentativcs  of  India  and 
our  colonies,  who  have  helped  forward  the 
work  of  railway  development  with  a  speed 
and  a  success  which  I  think  deservf)  the  utmost 
commendation.  [Applause.)  The  programme 
of  discussions,  interesting  as  it  is  to  those 
who,  like  yourselves,  know  how  to  appreciate 
technical  details,  will  be  of  interest  likewise 
to  the  public. 

*♦  You  will  be  asked  to  consider  not  onlv 
the  acceleration  of  passenger  trains,  but  the 
means  of  promoting  the  comfort  of  passen- 
gers by  the  use  of  vestibule  or  corridor  cars, 
and  by  improved  methods  of  heating  and 
lighting.  You  will  be  also  asked  to  consider 
arrangements  for  adding  to  the  safety  of  the 
travelling  public  in  such  matters  as  signal- 
ling, interlocking,  and  the  security  of  bridges. 


♦♦  Electrical  ti'action  will  present  a  field 
for  your  inquiries  as  yet  comparatively  unex- 
plored, and  on  the  subject  of  light  railways 
you  will  be  able  to  give  us  information  on  a 
question  which  is  of  growing  interest  in  this 
country,  and  in  the  discussion  of  which  our 
Parliament  is  at  present  engaged. 

«  To  all  these  subjects  you  will  bring,  not 
only  pix)fond  knowledge,  but  a  desiie,  I  am 
sure,   to  exchange  information  which  must 


le  d6sir  d'fechaiiger  des  cnscigiicmcnU  dunt 
(que  ccux  qui  pruiidroiit  part  u  vos  discus- 
ibna  fcront  grand  profit. 

•  Permettei-moi,  poui'  finir,  de  vous  sou- 
haitei'  une  FoU  encore  la  bienTenuc  au  iiom 
de  notre  Souveraine,  au  nom  dcs  comp&giiics 
anglaises  et  en  mon  nimi  pei'sonnel,  ct  d'ex- 
primer  le  d^Kir  sincere  de  voir  rette  scBsion 
seiTJr  Don  eeuleniont  It  I'eculi.T  les  limites  dee 
connaissenccs  tecliniques,  mais  encore  £k  ci'^er 
de  nombreuses  et  durables  amiti^  itoiit  tcs 
annte  4  venir  feront  coniiaSli'e  lout  le  prii.  - 
[Applaudiitemetitt  vifa  et prolmtg^t.) 


Mr.  Dubois,  pr^sidful  (?i;  Ja  Cc 
interiiaU'onalc  permaiifiiic : 

••    hiOySElGSEVK, 

-  Que  ma  premiere  pai'ole  ciprimc  iioti'c 
gratitude  envere  Votri.'  Aliesse  Royale,  qui 
IIOUB  fait  riioiineur  insijriic  dinauguitir  nutre 
session,  et  qui  daigne  nous  inarquer  ainsi  k 
priiqu'Elleattaclieil  linslitulion  du  Congrts 
des  eheinins  de  fcr  el  I'inlerCI  qu'Elle  porte 
a.  scstravauK.  Nous  oartuis  a  Voire  Altessc 
Kovale  I'hominage  reEpectucui  de  notre  pro- 
foiide  reconiiaisEance  et  tiou»  sei-ions  lieureus 
que  eel  liommage  adrcisse  a  I'h^ritier  du 
rrOne  pQt  remontci' jusqu'a  lAuguste  Souve- 
rsine  qui,  dcpuls  clnquntite-huit  ans,  pr6side 
nux  destinies  dc  la  gruiide  nalion  a  laqucUo 
nous  dcvons  aujourd'liuj  uiie  Kii'ge  et  coi-dialo 
hospitalitd. 

-  Le  gouTemement  do  Sn  Trfe  Gracicuee 
Mfljcste,  qui  a  bien  voulu  nous  aeeorder  son 
puissant  patronage,  a  dmit  iiitssi  a  nos  rcmei'- 
uiements.  Je  prie  M.  le  pn^idenl  du  Board 
o(  Trade  de  vouloir  bien  accepter  coux  que 
j'ai  I'bonneurde  lui  adresser. 

>■  Lorsque  la  prDposition  fut  fsite  i  Saint- 
P^tenbourg,  eu  11)92.  de  lenir  a  Londres  la 
session  suivanle  du  Conpv*,  wtle  propo- 
sition, i.  luquelle  lee  dOIepu6s  aiiplais  don- 
tidrent  un  appul  aufsi  choleureux  qu'em- 
j)rc8s<i,  fut  approuvec  par  un 


be  of  adyautagc  to  all  *bo  take  part  in  jour 
diecu^ons. 

•  Let  me,  in  conclusion,  once  more  wcl- 
onnic  jau  on  behalf  of  the  Sovereigu,  the 
railway  companies,  and  myself,  and  express 
the  earnest  liope  that  this  CongresE  may  be 
the  means,  not  only  of  extending  soientiSc 
and  technical  knowledge,  but  of  founding 
also  many  pleasant  and  enduring  fi-iondahips 
which  ■will  In;  valued  in  years  to  come.  - 
[Loud  and  p}-oloHged  applause,) 


Mr.  Dubois,  president  of  the  Pcrmane/it 
Iiilcriiational  ComtnUiion  :  — 

-   YOLB  RoY\l.  HiGHNRBS, 

■•  My  first  words  must  express  our  grati- 
tude to  your  Royal  Highness  for  doing  us  the 
signal  honour  of  inaugurating  ourSeasioi)  and 
of  condescending  to  shoir  in  this  manner  the 
value  your  Royal  Highness  altoehcs  to  the 
institution  of  the  Railway  Cojigi-ess  and  the 
interest  your  Royul  lliglinesG  takes  in  oor 
work.  We  would  eipress  to  you  the  re»- 
{lectful  homage  of  uurprofouud  gratitude. and 
we  shall  be  happy  if  this  homage  addressed 
Ui  the  hdr  to  (lie  throne  reaches  the  August 
Sovereign  who  has  fur  ftfty-eight  year*  pre- 
sided over  the  destinies  of  the  great  nation  to 
which  we  arc  indebted  to-day  for  their  genc^ 
rous  and  cordial  hospitality. 

X  The  govei-mnenl  of  Her  Most  Gracious 
Majesty,  which  has  been  good  enough  to  lend 
us  its  powerful  support,  has  also  a  claiiu  on 
our  gratitude.  I  would  bc^  llie  prcfildent  of 
the  Board  of  Trade  to  accept  the  thanks  which 
1  have  the  honour  of  expressing  to  him. 

-  When  it  was  proposed  at  St.  Petersburg 
in  180S  to  hold  the  next  session  of  the  Con- 
gress in  linden,  the  English  delegales  sup- 
poi'ted  the  motion  in  a  manner  as  cordial  as 
it  was  sincere,  and  [he  resolution  was  passed 
unanimously  and.  I  might  almost  saj.  with 
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en  quelqae  sortc  d'acclamation.  II  ne  pouvait 
CO  6trc  autrement,  car  la  proposition  r6pon- 
dait  v^ritablement  k  un  d^sir  intime  de  tous 
les  adeptes  du  Con^r^.  Ne  devait-il  pas  6tre 
dans  les  voeux  de  tous  de  so  voir,  un  jour 
prochain,  r6unis  familialement  dans  ce  pays 
qoe  I'on  a  souvent  appel6  le  berceau  des  che- 
mins  de  fer,  et  dans  lequel,  depuis  pi'6s  de 
tnns  quarts  de  si^le,  les  ing^nicurs  du  mondc 
eatier  ont  pu  venir  h  toute  6poque  recucillir 
des  enseignemcnts  pr6cieux  sur  la  construc- 
tion et  Texploitation  des  voles  ferries? 

•  Et  puisquc  j'6voque  en  ce  moment  le 
souTenir  do  cette  mission  d'6duca,teurs  qu'ont 
rcmplic  les  ing^nicurs  anglais,  puis-je  me 
permettre  d'ajouter  quelques  mots  person- 
nels? A  moi  qui  suis  Beige,  et  qui  dois  h 
cette  quality  la  part  que  Ton  m'a  fait  I'hon- 
neur  de  m'attribuer  dans  la  gestion  d'une 
oeaTPc  beige  par  scs  origines  et  par  son  foyer 
pennanent,  il  m'cst  agrdable  de  rappeler 
dans  cettc  circonstance  solennelle  ce  que 
durent  k  TAngleterre  les  hommes  d'Etat  et 
^  ingtoieurs  qui,  sous  I'impulsion  d'un 
gnmd  prince  que  la  Belgique  v6n6re  et  dont 
I'Angietcrre  aussi  garde  la  memoire,  entre- 
prinmt  il  y  a  soizante  et  quelques  ann6es  de 
<^r  leur  patrie  d*un  ensemble  de  voies 
fefT^es.  La  Belgique  reconnaissante  s'est 
^•ocifie  avec  cmpressement  aux  manifesta- 
tions grandioses  et  touchantes  k  la  fois  qui 
^t  inarqu6,  il  y  a  quatorze  ans,  la  calibra- 
tion du  centenaire  do  I'illustre  George  Ste- 
Pteiaon. 

■  C'est  avec  une  grande  satisfaction  et  une 
^^***^^»nce  absolue  que  la  commission  com- 
""^ la pr6paration  de  la  cinquifimc  session. 
Hie  ne  tarda  pas  k  trouver  un  grand  allege - 
o^entde  sa  tAche  dans  le  concours  plcin  d'ini- 
"•'i'e,  de  d^vouement  et  de  g6n6rosit6  que 
W  apporta  une  section  locale  d'organisation 
^^'^'tttitute  par  TAssociation  des  conipagnics 
^  ch^ns  de  fer  du  Royaume-Uni  et  form6e 
^  leurs  repr6sentants  pris  parmi  les  plus 
•otorisfti.  Cette  section  fut  compl6t6e  par 
^•djonction  d'un  d616gu6  du  Board  of  Trade 


acclamation.  It  could  not  be  otherwise, 
for,  in  fact,  the  proposal  answered  to  the 
cherished  desire  of  all  the  leading  spirits  of 
the  Congress.  Was  it  not  natural  that  it 
should  be  the  wish  of  all  to  meet  one  day  in 
familiar  intercouree  in  the  country  which  has 
often  been  called  the  cradle  of  railways,  and  to 
which  for  nearly  three-quarters  of  a  century 
the  engineers  of  the  whole  world  have  always 
been  able  to  come  and  learn  invaluable  lessons 
both  in  the  construction  and  in  the  working  of 
railways? 

«  And  while  I  am  reminded  of  the  position 
which  English  engineers  have  always  held  as 
pioneers,  may  I  be  allowed  to  allowed  to  add 
a  few  personal  words?  To  me,  who  am  a 
Belgian,  and  who  owe  to  that  fact  the  place  of 
honour  which  has  been  conferred  on  me  in  the 
administration  of  a  work  which  is  Belgian 
both  in  its  origin  and  in  its  pennanent  home, 
it  is  pleasant  to  remember  on  this  memorable 
occasion  how  great  was  the  debt  owed  to 
England  by  the  statesmen  and  engineers  who, 
under  the  guidance  of  a  great  king,  whom 
Belgium  reveres  and  whom  England  has  not 
yet  forgotten,  undertook  some  sixty  years 
back  to  endow  Belgium  with  a  complete  sys- 
tem of  railways.  Belgium  in  gratitude  joined 
with  eagerness  in  the  splendid,  and  at  the  fame 
time  touching,  demonstrations  which  fourteen 
years  ago  marked  the  celebration  of  the  cen- 
tenary of  the  illustrious  George  Stephenson. 


«  It  was  with  great  satisfaction  and  abso- 
lute confidence  that  the  Commission  began  the 
preparations  for  the  fifth  session.  The  Com- 
mission at  once  found  its  task  greatly  light- 
ened by  the  energetic,  unselfish,  and  generous 
support  given  by  the  local  organising  Com- 
mittee which  was  appointed  by  the  English 
Railway  Companies*  Association,  and  com- 
posed of  some  of  its  most  influential  mem- 
liers.  The  local  Committee  was  completed 
by  a  representative  of  the  Board  of  Trade,  and 
it  appointed  as  its  secretary  the  author  of 
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ft  eilc  i^oisit  oommc  socr^tnii'c  rautcur  de 
publivatioDS  »ur  les  railway  anglais  i?t  <ko8- 
Bais  qui  Bont  honor&blE>jii<!ii(  miiDLiis  do  toua 
li's  hommes  de  chemins  de  fcr, 

•  Nous  avoiis  6t6  hcuiviiK  de  voir  plac^  & 
la  lut«  dfl  la  sectiou  locale  uti  des  nienibres 
Ics  plus  nimgs  de  la  ContmiEsion  permaiieiite, 
I'uii  de  nns  coop6raU>urg  de  la  premiere  heure 
et  de  tou»  ie*  iustaiits  qui  porte  dignement  un 
nom  e£16bre  dans  rhistoire  di-  rindiistrie  et 
de  la  science. 

-  Ui  ConiniifiKioii,  moltant  a  profll  lesle^ns 
dc  Texp^ricnec  ct  Ge  conformant  4  dee  d^irs 
qui  ont  6tb  g^ndralement  manife^t^.  a  res- 
tmnt  plue  qa'on  ne  Tarait  fait  jusqu'ki  le 
nonibre  Aes  quciticns  &  d6battre  au  eoun  de 
Usesiioa. 

■>  Les  discussions  qui  ont  6t6  pr6par£es  par 
Hes  rapports  bitni  ftudirs,  dus  ii  des  8p£da- 
listcs  d'unc  cnmpiteoce  eprouTfic,  pourront 
d<?s  lot's  reccvoir  toutc  Tanipleur  dont  elles 
sent  suscpptibies.  EUes  founiiront,  nous  en 
nourrisEOns  Tcspoir,  des  contributions  impor- 
tant^ a  la  colution  dcs  probI£nics  nonibreux 
et  complexes  que  souI^Ti^nt  la  coiislruction  et 
I'eiploitation  dcs  voles  fciT^eE. 

••  Au  nombre  des  quralitins  qui  mCritent 
Ie  plus  d'attirer  I'attentlon,  jc  citTsi  i^Ues 
qui  tint  pour  objet : 

■   Le  i-enforcement  des  vi>ios ; 

■>  La  constniction  des  ponts  m^talliques; 

"  Le*  lacoinotiT«!  i  prande  vitesse; 

-  La  Iracliou  filectrique; 

•  Lea  signaiix : 

-  Lea  niandNvronet  Ics  manulentione  dans 

■•   Le  i*(flenipnl  iiiteniafional  dcs  r&'lama- 
"   La  g^-n^niltsatioii  dii  svsd^ine  li^lninl; 

-  L&s  fai-ilit^Aaccnrderaailignesafaiblc 
trafie; 

-  L'afiermage  des  lignes  secondaires. 

•  Ainsi  Ics  aralscs  de  Londres  auronl  6t6 
largemenl  fructueusesftl'dpnl  dc  leursdevan- 


vorks  on  the  Railways  of  England  and  Scot-  1 
land  n'hicii  eveiy  railway  maa  kuows  and 

•  Wc  rejoiceii  to  see  plai'ud  at  iht-  Lead  of  I 
tie  LoiaL  So-limi  oiw  of  Uie  moal  esteemed 
menibers  o{  llio  penoanent  Committee,  otir  I 
earliest  and  most  constaul  snpportors,  one  |i 
w)io  itortliilj  iiphulds  tlie  diguitj  ot  a  muoe  J 
famous  ill  tbc  liistory  of  industnr  and  ot  jl 
science.  'i 

•-  Tlie  Committee,  profiting  b;  the  lesEon  of  ' 

eiperienco.  and  conforming  to  the  viflies  I 

which  have  been   gcneraJlj  expressed,  has  i 
restricted  Ike  number  ot  questions  for  dis- 
cussion on  this  occasion  bejund  what  has  been 

the  case  heretofore.  j 

•  The  carefully  coosidered  reports  eontrt-  'i 
buted  by  specialists  oC  acknowledged  compe-  i 
lence  will  aeoordingty  receive  tho  most  ci-  || 
hausiivc  discussion  which  their  subject  may  i 
require.  They  will  fnmiali,  we  venture  to  |. 
hope,  important  coutributions  to  ibe  solution  | 

pomplei  prablems  which  J 

iction  and  working  of  rail-  'I 

-  Amoiii;  the  questions  which  deserve  spe- 
cial attention  T  will  mention  the  following  : 


•  The  strengthening  of  the  pennaoent 
»  The  construction  of  iron  bridgea, 

-  Express  locomotives. 

-  Electric  traction. 

-  Methods  of  station  working. 


ing:-     I 


•  Liternatienal  rules  (or  the  settleoient  at 
liisputes. 

•  The  [inivei-sal  adujition  r<f  the  dentiial 
STBtem. 

»  The  relasation  of  normal  rcqniraiM'nts 
for  light  railways. 

•  Their  working  by  leasing  Cumpanies. 

■  Thus  the  London  meeting  will  have  been 
as  fruitful  as  its  predecessors  in  Brussels. 
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ci&ra  de  BmxeUes,  Miia&t  Paris  et  Saint- 
Petarebourg,  ei  nooa  aiiamis  k  pcnser  qu'il 
Doos  sera  permia  d'en  dore  ie  procda-verbal 
en  J  ioflcrivant  ce  t^moiguage  : 

••  Par  dix  ann^cs  d'efforts»  dc  travaux 
pouppuivis  avec  zele,  methodc  et  perseverance, 
leCongrte  dcs  chemins  de  fer  a  d^montre 
a  nisoa  d*6tre  et  prouv6  sa  vitality.  II  a  sa 
plicc  aojourd'hui  marquee  en  bon  rang 
ptfini  les  institutions  qui  servent  utilement 
U  ctasc  du  progr^  et  de  la  civilisation  ;  il 
vbnu  il  est  indestructible!  » 


Mr.  BftYCE, 

«  AlTBSSI  ROTALBy  MTLORDS 
et  MESSIEURS, 

«  S.  A.  R.  le  prince  de  Galles  a  soiihaite 
1&  lueiifenae  aux  dei6gu^  du  Congres  dans 
^  termes  dont  la  cordiality  doit  nous  avoir 
toQs  fnipp6i.  Ce  n'est  pas  un  mince  honneur 
pour  le  CoDgr^  que  Theritier  du  tr6ne  qui, 
i'aieledire^  s'est  toujoars  associo  d'une  fa^on 
a  iatimc  pour  le  plus  grand  bien  du  pays  k 
^tet  les  entreprises  et  a  toutes  les  soleu- 
ut^  nationales,  ait  daigne  accepter  d'etre  le 
ptBadeot  dlionneur  de  cettc  session  et  dc 
iiutrqiier,  par  sa  presence,  la  sympathie  qu'il 
porte  k  Tinstitution  du  Congrds.  (Applaudis- 
*wi«ito.)  Son  Altessc  Royale  a  dit  tout  ce 
(}Q'il  fallait  dire  pour  exprimer  les  sentiments 
^  >7niptthie  et  d^int^r^t  avec  lesquels  ceux 
4^t  dans  cc  pays,  ont  la  conscience  de  la 
pntide  importance  des  questions  do  chemins 
^  fer,  prendront  part  k  vos  deliberations. 

*  Nous  reconnaiasons  tout  TinterSt  et  la 
*^to,  pour  nous-m^mes  et  pour  tons  les 
^%  de  reunions  dc  personnes  de  la  plus 
^^^  competence  qui  viennent  echanger  les 
^Wtats  d*une  experience  consommee  acquise 
duM  les  conditions  les  plus  varices. 

•  Le  veritable  art  ot  la  vraie  science  sont 
W)i^imurs  genereux.  Co  qui  distingue  I'homme 


Milan,  Paris  and  St.  Petersburg,  and  we 
venture  to  hope  that  in  closing  our  report  we 
shall  be  justified  in  writing  this  epitaph  upon 
it:  — 

M  By  ten  years  of  e£Gbrt,  of  zealous,  metho- 
dical and  persevering  work,  the  Railway 
Congress  has  justified  its  existence  and  proved 
its  vitality.  It  has  to-day  a  recognised  and 
honoured  position  among  those  useful  insti- 
tutions which  serve  the  cause  of  progress  and 
civilisation;  it  will  live;  it  is  indestructible.  >• 


Mr.  Brtck, 

«  May  rr  please  your  Rotal  HiOHFfESS, 
MY  Lords,  and  Ge?(tlembn, 

«  His  Royal  Highness  the  Prince  c^  Wales 
has  welcomed  the  delegates  to  tliis  Congress 
in  terms  whose  cordiality  must  have  impres- 
sed you  all.  It  is  no  slight  honour  to  this 
Congress  that  the  Heir  to  the  Throne,  who, 
if  I  may  be  permitted  to  say  so,  has  so  closely, 
and  with  so  much  benefit  to  the  country,  asso- 
ciated himself  with  all  undertakings  and  occa- 
sions of  national  interest,  has  honoui'od  the 
Congress  by  becoming  its  honorary  president, 
and  given  it  the  countenance  of  his  presence 
and  sympathy  on  this  occasion.  (Applause,) 
His  Royal  Highness  has  said  all  that  need  be 
said  to  express  the  sentiment  of  sympathy  and 
interest  with  whicJx  those  who  in  this  country 
are  awai^  of  the  great  importaitce  of  railway 
questions  view  and  will  follow  the  delibera- 
tions of  this  Congress. 

*«  We  recognise  not  only  the  interests  but 
the  value  to  ourselves,  and  to  other  countries 
not  less,  of  gatherings  of  this  nature  gather- 
ings of  expeits,  where  the  fullest  knowledge 
is  brought  together,  and  where  the  results  of 
the  ripest  experiaice  gained  under  a  variety 
of  conditions  are  interchanged. 

•*  True  science  and  true  art  are  always  gene- 
rous.   The  note  of  the  scientific  man,  as  well 
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Bcu^iilJfitiue  aussi  biea  que  I'arUste,  qui  s'ciit 
d^ou6  i  son  art  parce  qu'il  I'aiinc,  c'est  qu'Jl 
d^ro  taire  partager  les  conogd^anccs  qu'il 
posg«de  pour  augmputer  le  FondG  tominiui  el 
pour  faire  Faire  uii  pas  en  avant  au  progrte 
gdniraX. 

-  Aux  d^l^gu^  strangers  qui  sont  ici  r^uniF 
j'ose  dire  —  et  j'ose  le  dire  iion  seulenient  en 
mon  nom  personnel  mais  au  noiu  de  celui, 
quel  qu'il  soit,  qui  poun'ait  occuper  la  posi- 
tioD  de  prudent  du  Board  of  Trade  —  que 
le  guuvernemeiil  de  Sa  Majesty  fera  tous  see 
cflbi-ts  pour  rendrc  leur  Tisito  &  la  fois 
agr^ble  et  interessaiite.  {Tr^»  bien.)  Qs 
trouveront  bien  des  choses  dignes  d'attirer 
leur  attcDtioit  dans  les  chcnuDs  dc  ter  de  la 
Graude-Bretagne,  bieii  qu'il  ne  soit  pas  dou- 
t«ui  que  la  situation  de  nos  railways  ne  soit 
relativenient  uii  pcu  moiiis  importaote  qu'il 
y  a  trciit«  an$,  quand  notre  prenii^re  ^re  do  la 
coDBlrurtion  des  chemins  de  fer  tirait  &  sa  lin. 
Nous  avouE  doan£  le  signal  du  depart  cl  main- 
teoaot  on  pcut  admcttre  que  nous  avons  ter- 
mini la  coDstruclioii  ou  presque  Iprmine  la 
construction  de  nnsgrandes  ligncs  prindpalt-s. 
D'apres  les  meitleum  chifires  que  j'ai  pu 
obtenir,  le  capital  total  engage  dans  les  che- 
mins  de  fer  de  la  Grande  Bretagne  est  do 
25  milliards  de  France  [1,000  millions  de  11  vres 
sterlingi,  soit  d'un  siiitoe  du  capital  total 
engage  dans  les  chemins  de  fer  du  monde 
entier.  Lc  nombre  de  TOjageurs  trsnspories 
annueUement  dans  ce  pajs  est,  en  chiflres 
rends,  dc  900  millions,  le  nombre  dc  tonnes 
transportdes  uinucllement  est  de  330  millions 
(3^5  millions  de  lonnes  anglaisesl,  le  tiumbre 
d'emplojL's  de  cbcinius  de  ter  est  &  pen  pi-6g 
de  400,000.  Notre  kilom^lrage  lolal  est  eeulc- 
meut  dc  34,000  kUoiufitres  (31,000  millesl. 
tandis  que  L'elui  dc  toules  les  possessions  de 
Sa  Majesty  Britanoique  est  de  1 13,000  kilo- 
mfitrea  (70,000  niilles)  et  eclui  du  monde 
entier  est  de  644,000  kilomiMres  (400.000 
miUesi,  doiit  a  peu  |irte  la  nioitiC  ce  rapporie 
anx  Ktals-Vnis  et  k  I'Am^que  du  Nord, 
comme  vous  I'a  dit  Son  Altesso  Rojate.  La 


as  o[  the  artist  who  fullons  his  art  because 
he  loves  it,  is  that  of  nishiag  to  coipmuniiAie 
the  knowledge  he  posst.-sses  to  enlarge  the 
gouenil  store  and  to  sdvanre  the  general  pro- 

-  To  llie  Fiireign  delcgales  who  are  here  pre- 
sent I  will  venture  to  say  that  so  far  as  Hot 
Majest,v's  Govcmmeut  can  (and  this  I  will 
venture  lo  say  on  lieiialf  oF  whoever  laay 
oci^up;  the  position  of  president  of  the  Board 
oF  Trade)  Her  Majesty's  Government  will  do 
its  best  to  make  their  visit  both  pleasant  and 
profitable.  (Hear,  hear.)  Thoy  will  find  much 
that  is  intci-csting  in  British  Railwayv, 
although  no  doubt  tho  position  oF  British 
Railwajs  is  rclaUvely  somewhat  less  impor- 
tant than  it  was  30  years  ago,  when  our  first 
great  era  of  railway  construction  was  drawing 
to  its  I'lose.  We  had  the  start,  and  now  we 
may  be  taken  to  have  completed  the  making, 
or  nearly  completed  the  making,  oE  our  great 
trunk  lines.  According  to  the  best  flgurea  1 
liave  been  able  to  obtain,  the  total  capital 
invested  in  British  Railways  is  about  one 
thousand  millions  st«rling  (25,000,000,000 
Francs)  being  altout  one  riitb  o(  the  total 
capital  invested  in  railways  in  the  world. 
The  number  of  passengers  carried,  speaking 
ligain  in  round  figures,  annually  in  this 
country  is  000,000,000;  the  number  of  tons 
cai-ried  annually  is  325,000,000(330.000,000 
metric  tons);  the  number  of  the  i-ailwaj 
employes  is  about  400.000.  Our  lotal  mileage 
however  is  only  21.000  miks  (34,000  kilo- 
metres) as  aguinst  70.000  miles  (1 13.000  ki- 
lometres) in  the  whole  nf  Her  Majesty's  Domi- 
nious,  and  as  against  400.000  miles  (644.000 
kilometres]  in  the  world  at  large  nearly  one 
half  of  which,  as  your  Rovnl  Highness  has 
submitted,  is  to  be  found  in  the  United  States 
and  Norih  America.  Britain  is  &  comparn- 
tively  small  area,  and  onr  lines  are  short  if 
Ihcy  be  compared  wiih  ^me  oF  the  great  lines 
oF  Russin,  or  that  great  Canadian  Pacific  line 
which  nearly  reaches  3,000  miles  i4,800  kilo- 
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Grande-Bretagne  est  un  pays  comparative- 
loe&t  petit  et  noe  lignes  sont  peu  6tendues  si 
OD  les  compare  &  quelques-unes  des  grandcs 
Ugnes  de  la  Russie  ou  au  Grand  Canadian 
Pacific,  qui  atteint  presque  4,800  kilometres 
(3,000  milles).  Cependant  nous  pouvons  mon- 
trer  id  iJL  nos  visiteurs  strangers  quelque 
chose  qui  sera  plein  d'int^r^t  pour  eux ;  nous 
pouTons  Icur  montrer  des  travaux  de  g6nic 
remarquables,  tels  quo  le  grand  pont  du 
Forth  et  Ic  tunnel  de  la  Severn ;  nous  pouvons 
kur  montrer  un  service  des  trains  singulidre- 
mentcomplet  et  bien  organist,  qui  donne  des 
ba}ith  qui  ne  sont  donn^es  nulle  part  &  une 
popolation  trds  dense  et  qui,  j*ose  I'affirmer, 
combine  la  vltesse  et  la  s6curit6  h  un  degr6 
qoin'apas  et6  atteint  jusqu'ici.  Et  je  n'omct- 
tni  pas  de  remarquer,  a  propos  de  la  s6cu- 
lit^t  que  dans  ce  pays  lo  gouvemement  ct  les 
compagnies  de  chemins  de  ler  se  sont  beau- 
ooap  occup^s  de  la  question  de  la  s6curit6 
da  personnel  des  chemins  de  fer  et  que  nous 
esp^rons  que  oetta  question  qui,  saus  aucun 
doate,  a  toutes  les  sympathies  6trangdres, 
comme  die  a  la  sympathie  de  la  Grande-Bre- 
tsgne,  aura  une  place  dans  vos  discussions. 

•  Si  nous  avons  beaucoup  de  choses  ^  vous 
oootrer,  nous  avons  aussi  bien  des  choses  ^ 
Miprendre  de  nos  visiteurs  strangers.  Des 
ijittees  divers  d'exploitation  sont  represents 
id.  La  France,  par  excmple,  bien  que  la  plu- 
P>it  de  ses  chemins  de  fer  soient  dans  les 
^"^^  de  compagnies  privies,  a  vu  son  gou- 
^^Brnement  prendre  une  part  active  dans  les 
I*ogrte  de  sc8  chemins  de  for.  En  Russie, 
I'aploitation  des  chemins  de  fer  appartient 
Pi^ae  entierement  k  I'Etat.  En  Italic,  les 
dtemins  de  fer  ont  ete  afferm6s  par  I'Etat  et 
fonneitt  des  entreprises  privccs.  L'Autrichc- 
HoDgne  a  essay6  les  deux  syst^mes  ct  sera 
capable  de  nous  donner  des  rcnseigncments 
P^eux  sur  leurs  r^sultats. 

•  D'un  autre  c6t6,  laBelgique,  aussi  bien  que 
1&  Prance  et  Tltalie,  pourront  nous  cnseigner 
beaucoup  de  choses  hautement  iiit6ressantes 
et  importantes  relativement  k  la  question  k 


metres).  Nevertheless  we  can  show  our 
foreign  visitors  something  here  which  will  be 
full  of  interest  to  them.  We  can  show  them 
remarkable  engineering  works,  such  as  the 
great  Forth  Bridge  and  the  Severn  Tunnel ; 
we  can  show  them  a  singularly  complete  and 
highly  organised  service  of  trains  which  gives 
facilities  not  elsewhere  given  for  a  very 
dense  population,  and  which  I  think  I  may 
say  combines  speed  with  safety  in  a  manner 
hitherto  unprecedented.  And  I  will  not  omit 
to  notice,  apropos  of  the  question  of  safety, 
that  in  this  country  we  have  been  much  occu- 
pied, both  the  Government  and  the  Railway 
Companies,  with  the  question  of  the  safety 
of  the  railway  work  people,  and  that  we  hope 
that  that  question  which  I  have  no  doubt 
engages  foreign  sympathy,  as  well  as  it  does 
British  sympathy,  will  find  a  place  among 
your  deliberations. 


«  If  we  have  much  to  show,  we  have  also, 
gentlemen,  much  to  learn  from  our  foreign 
visitors .  Various  systems  of  railway  manage- 
ment are  represented  here.  France,  for 
instance,  although  most  of  her  railways  are  in 
the  hands  of  private  companies,  has  seen  her 
government  take  a  very  active  share  in  the 
work  of  railway  development.  In  Russia,  the 
railway  management  nearly  entirely  belongs 
to  the  State.  In  Italy,  the  railways  have  been 
leased  by  the  State  as  private  undertakings. 
Austria-Hungary  is  trying  both  schemes  and 
will  be  able  to  give  us  valuable  information  as 
to  their  results. 


«  On  the  other  hand  from  Belgium,  as  well 
as  from  France  and  Italy,  we  may  learn 
much  that  is  highly  interesting  and  important 
upon   the    question  to   which    your   Royal 
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Uqiiclle  Votro  Alteaee  rojak  a  [lut  iLlluaiou, 
iTcUe  do  la  croDstriictioa  et  dc  rexpluitation 
t«ODomic|uea  dc«  cliemins  do  fin*  lowers,  [ee- 
quell  puMiTont  non  seutement  dmioer  (juelquo 
aide  h  Tagrkulturc,  mais  auni  {aire  quclquu 
etuwp-  pour  acliver  U  Tie  dans  oot  villancs  et 
pour  t«sn,vor  d'intiixluii'Q  daiis  Lm  bourp  et 
lc8  districla  i-uraus  de  iiotlti  puya  quelque*- 
uiiat  des  induslrica  actuclteineiU  trop  concen- 
tr^ro  dans  iioi  grandee  villes.  La  Suisse,  avec 
■un  burt'au  internal ioual  de  chemiiis  ds  fer 
qui  prouoiice  de»  sentences  sur  les  litif^ 
entro  les  chcmins  tic  (cr,  ]>turra  nous  ■imuier 
uu  exem|)lt!  de  U  niaaivre  dont  imo  iiistiiuLion 
de  cctte  esp^'o  pourrait  tonutiooner  diina  uo 
but  plus  induatriel  et  plus  conimerdal.  Non 
aeulenieiit  le«  ElnlG-lIiiiE  pouiTont  nous  cusci- 
gner  bcaucoup  de  chostcs  utiles,  eii  ce  qui  coa< 
ceme  la  traction  ekjctrique,  qui  j  a  atleint, 
je  pcner.',  un  plus  ^nkjiil  derelappemeiit  que 
partout  autre  part  doce  cOle  do  I'Atlaiitique, 
mais  nous  aurons  auasi  bi^ucoup  dc  ivneei- 
gnemeats  inttiressants  t  obtnair  des  hammcs 
qui  Eout  !i  la  tete  de  ces  gi'aiids  resoaui  dc 
chruiins  de  fer  qui  travorsciit,  sur  plus  de  la 
rooiti6  de  sa  protgndeur,  le  grand  coullnent 
ct  qui  ont  dea  relaUtins  Mquentes  et  sou  vciit  si 
d^Ueates  avcc  tes  autoritte  civtles  de*  districts 
qu'ils  parcourent  el  sur  la  proBpfiritC-  ilesqucls 
ill  out  utie  influence  si  directe,  QuDlqucs-unos 
de  ces  qucstionE,  Voire  AlIcsseRojiale  et  vous, 
mesaieurSiTOusneles  trourerez  point  &rardre 
du  juur  du  Congrte;  ccpondnnt,  oiles  lont,  je 
pense,  pleines  d'intgret  pour  nous  ot  aoas  pro- 
fiterogs  dc  roccasion  que  noui  donee  ia  pre- 
sence des  deieguSs  ^-trangers  pour  apprendro 
quelque  L'liiwc  sous  ce  rapport.  Nous  protite- 
roDi  de  roccasion  que  nous  donne  la  reunion 
de  tant  de  gens  capat>les  et  experiments  pour 
nous  faire  ouvrir  les  tnisuvs  de  ronseigne- 
ments  que  I'liaquc  coiitrOo  pent  nous  appor- 

•  Ceque  les  chemios  ont  fait  fila  fois  pour 
tea  eonvennncps  pi-ivtei  et  lo  platajr  do  cbaoun 
de  tiMU,  alnu  que  ]iuur  la  prosp6rit<5  com- 
Bierdale  de  iios  pajs  n^iiectifs,  mos  paroles 


Highness  bas  referred,  —  tlic  queEtion  ot 
i-lwaper  cunstruetion  and  the  working  of 
Light  railway,  which  ina;  not  onlr  gin: 
eiitnc  mcHsore  o(  aid  to  ngriMilCuro  but  maj 
also  do  mmelbing  to  quioken  life  in  aar  vil- 
lages, and  to  endeavour  to  bring  Bomc  ol 
the  industries,  now  too  much  cooeentraied 
in  gi'cat  towns,  into  the  villages  and  rura) 
distiicts  ot  our  country.  Switzerland  agnin 
with  its  liUe.rnalional  Railwav  Uureau,  which 
ii  engaged  in  Iha  settli.'ment  of  railway  i-on- 
tmtcrsies,  ma;  gi*c  us  an  example  of  how  an 
international  sjskini  ol  that  kind  may  be 
worked  in  a  wider  induetrial  and  cominercisl 
field.  From  the  United  Stntes  we  roBf  lenxri. 
not  Old;  a  great  deal  (bat  is  valuable  with 
regani  to  electric  traction,  which  has  been 
CBiTied  to  a  higher  point  there  1  think  than 
anywhere  on  this  side  ot  tha  Atlantic,  bni  we 
shall  also  have  many  interesting  ditta  (rum  the 
gentlemen  who  are  in  control  ot  those  great 
railway  sjslems  which  stretch  more  than  half 
way  across  the  great  continent,  and  which 
are  brought  into  frequent  and  sometimes  rtry 
delicate  relation  with  tho  civil  authorities  of 
the  districts  they  traverse,  and  wboae  pnx- 
pcriiy  they  so  materially  affnct.  Sonieof  these 
topics,  your  Royal  Hlghnoss  and  gentlemen, 
will  not  be  found  in  the  Agenda  of  th«  Con 
gress;  nevertlieiesB  they  are,  I  think,  full  of 
instrurrion  for  us,  and  we  shall  valuu  th« 
opportunity  which  the  preacjice  of  forcigti 
delegates  will  give  us  ot  Imrning  somdhlng 
about  them;  wo  shall  value  the  oppon unity 
which  tlie  meeting  ot  so  many  capable  and 
-experienced  men  affords  of  learning  what 
stores  of  knowledge  each  country  bac  to  <wr- 
Iributc. 


'How  niui:b  railways  have  done  both  for  Ihc 
private  (.'onv<Miii>nce  and  pleasure  nf  all  of  vs. 
and  (or  the  commercial  pitsperily  o£  «ir  r«s- 
pcilivecounirics,  it  needs  no  words  <if  niino  u> 
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lenient    insuffisantes    pour   le    dire,  mais 

j'ftorab  voiiliL,  si  possible,  m'^tendrc  un  peu 

mr  let  r^ultats  f uturs  du  d6veloppcment  des 

^kmiAs  de  fer.  Le  sujet  cependant  est  trop 

itite.  L'accroisaement  de  moyens  de  commu- 

oieaiioii  par  tcrre,  qui  sont  d^ja  rapides  et 

6coiK)D)iques,  ont  change  toutes  les  traditions 

du  commerce,  de  la  politique  et  de  la  civilisa- 

tkinsoas  toutes  ses  formes.  II  j  a  un  vers  d'un 

fmoeax  podte  ancien  qui  m*a  frapp^  et  dans  le- 

qoel  ilett  question  dcs  fils  du  dieu  du  feu  qui, 

efi  errant  des  routi^,  ont  domptd  la  terre ;  et 

t/m  pouvons  dire,  messieurs,  que  dans  la 

derni&re  moiti^  de  gc  si^le  les  routes  de  fer  et 

leieiifants  du  dieu  du  feu  ont  change  la  face 

<felt  terre.  lis  ont  ct66  un  ^norme  developpe- 

nent  du  trafic  et  non  seuiement  du  trafic  par 

terre,  mais  aussi  du  trafic  maritime ;  car  en 

apportant  k  bon  marche  los  mati<ii*es   pre- 

■i&res  et  les  objets  manufactures  au  bord  de 

Itmer,  ils  ont  accru  inunensement  le  d^velop- 

pemcnt  dcs  transports  par  eau .  lis  ont  permis 

aux  peuples  civilises  de  coiinaitrc  bcaucoup 

mieuxqu'ils  no  pouvaient  le  faire  auparavant, 

ks  caract^res  et  les  moeui*s  les  uns  des  autres 

etdeprouver  plus  compl^temont  comment  le 

bien-^tre  de  cliacun  est  lie  :ui  bien-5tre  de 

tous.  Dans  Tlnde,  ils  ont  fait  boauooup,  ils 

font  et  ils   feront    encore   davantage    pour 

fficer  ces  distinctions  de  caste  qui  y  ctaient 

de^enucs  \Ams  fortes  que  los  diflfOronccs  de 

Mtionalite  en  Eiirojx).  Ils  ont  ouvert  TAfrique 

qui  6tait,  il  y  a  peu  de  temps,  inexplorce  et 

inconnue;  ils  peiieti*ent  dans  les   deserts  de 

I'^ski  ils  ont  rendu  le  monde  entior  d'au- 

jourd'hui  virtuellement  plus  etroit  (jue  celui 

^  connaissaient  nos  anc^tros  il  y  a  vingt 

ans. 

•  Votre  Altesse  Royale  et  vous,  messieurs, 
'^ous  trouverez  ces  r^ultats  bien  vastes  et  il  y 
en  a  que  Ton  ne  pent  encore  ajiorcevoir  qu*^ 
n»iti6  parce  que  nous  ne  pouvons  les  perce- 
▼oirquecommeun  mirage  &  travers  les  brouil- 
lards  de  Tavenir;  mais  ils  ajoutent  de  la 
dignity  et  de  1* importance  m^me  a  ces  details 
de  Tart  de  Tingenieur  et  de  la  conduitc  du 


say.  But  I  should  have  liked,  had  it  been 
possible,  to  dwell  a  little  upon  the  wider  and 
further  results  of  railway  extension,  —  the 
subject,  however,  is  too  vast.  The  growth 
of  a  means  of  land  conmiunicatiou  which  is 
at  once  rapid  and  cheap  has  changed  all  the 
traditions  of  commerce,  of  politics  of  govern- 
ment, and  I  may  say,  of  civilisation  in  all  its 
forms.  There  is  a  striking  line  in  a  famous 
ancient  poet  in  which  he  speaks  of  the  sons  of 
the  Fire  God  who  in  making  roads  have  made 
the  wild  earth  tame;  and  we  may  say 
gentlemen,  that  within  the  last  half  century 
iron  roads  and  the  children  of  the  Fire  God 
have  changed  the  face  of  our  earth.  They 
have  induced  an  enormous  development  of 
trade,  and  not  only  of  land  trade  but  of  ocean 
trade  also;  for  the  cheap  bringing  of  the  pro- 
ducts and  of  manufactures  to  the  sea  board 
has  immensely  increased  the  development  of 
water  carriage  also.  They  have  enabled  the 
civilised  Peoples  to  know,  far  better  than 
tlioy  previously  could,  the  characters  and 
habits  of  life  of  one  another,  and  to  realise 
more  fully  how  the  welfare  of  each  is  bound 
up  with  the  welfare  of  all.  In  India  they 
have  done  much,  and  are  doing,  and  will  do, 
still  more  to  break  down  those  distinctions  of 
caste  which  there  have  been  even  stronger 
than  the  differences  of  nationality  in  Europe. 
They  are  opening  up  Africa,  so  lately  unexplo- 
red and  unknown ;  they  are  penetrating  the 
deserts  of  Asia ;  they  are  nuiking  the  whole 
great  world  of  our  time  viitually  smaller  than 
that  little  world  which  our  ancestors  knew 
20  centuries  ago. 


M  These,  your  Royal  Highness  and  Gen- 
tlemen, VLVC  vast  results;  they  are  results 
which  are  still  only  half  perceived  as  they 
loom  on  as  through  the  mists  of  the  future  : 
but  they  add  dignity  and  importance  even 
to  those  details  of  engineering  and  traffic 
management  with  which  the  sections  of  this 
Congress  will  be  concerned ;  and  they  make 
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tcalif  dont  ti!s  Koctions  du  Cougr^  auront  jt 
B'o(!ciiper  lit  ils  nous  foot  pei'cevoir  quelles 
consfiqiionrcs  immonsos  ct  d'une  pnrWc  cnnai- 
d^rablc  peuvent  avoir  dans  les  sifttles  i.  vokir 
les  cSbrta  que  vuus  faites  et  los  ofForts  qui 
sei-ont  faits  par  eotto  vastc  armce  de  travail- 
teurs  du  clieinln  de  t&r  du  raoiide  enticr  que 
les  membres  Ju  C<ingrt«  reprteentent. 

~  Messieurs,  je  a'ajouter&i  qu'un  seul  mot. 
Ces  grandB  r^ultats  quo  nous  pK'vojons  nous 
font  admirer  votra  luibilet6  et  voire  energie; 
ils  nous  ossocient  inlimement  k  voa  viH6es  el  ^ 
-voa  sxpirations.  lis  nous  donnent  d'autant  plus 
-de  r&ison  de  nous  r^joair  dc  vous  voir  parroi 
nouB  dans  la  c^apitole  de  I'cmpire  britannique, 
ct  de  vous  souhaiter  de  tout  notrc  coeur  le 
au«;68  et  la  prvispfiritfi  de  votre  wuvre.  •  [Ap- 
plaudiaiemeitU.) 

[S.  A.Ii.te  prince  de  Gallea  se  reUre  avec 
»a  suile;  VastetHbUc,  debout,  I'aceompaffite 
de  set  applamiisaemenU  tla'u  ii 

dc  respeetueuse  gympathie.) 


prise  touB  lupr^idei. 


iprft,  la  sAiiKB  est 
:e  de  Mr.  DuboU. 


Mr.  Dubois  propose  la  nomination  de  Lord 
Stalbridgo  comme  president  ct  de  Sir  Henry 
Oaklej  comme  secretaire  g6ii£ral  Ac  la  ses- 
sion. {Acelamatioiis.) 

[Lord  StaUiridge.accomjtagiidde  Sir  Henrt/ 
Oakley, prend  place  aw  bureau.) 

Lord  Stm-hbidgk.  —  -  Messieurs,  je  ne 
veux  piis  abuser  do  vos  momoiits,  car  aprte 
les  6ioquenl3  discours  de  S.  A.  R.  le  prince 
■do  Gallesetdu  president  du- Board  ofTrade-, 
il  me  nslc  peu  de  ehosn  &  vous  diro,  si  ca  n'est 
de  vous  souhailer  la  bienvenue  au  nom  dcs 
«bemins  de  (er  anglais.  Duj A  ils  I'ont  fait,  I'un 
comme  occupant  le  rang  le  plus  dlev6  dans  cb 
paja,  et  le  president  du  Kuard  of  Trade  au 
nom  du  gouveracment.  C'est  au  nom  d'un 
iDt^rOt  priv6  que  les  Compagmcs  dc  cbcmins 


us  feul  wliat  linmonEO  and  for  rcachiag  i-onse- 
quenwss  may  in  the  eenturiea  to  (v>me  bang 
upon  i\ir  effortii  yon  are  making,  and  hang 
also  upon  th<:se  which  arc  being  made  by  that 
vast  ai'my  ot  railway  workei's  throughout  the 
world  whom  the  delegates  here  present  repre- 


-  Gsnllemeu,  1  will  saj  only  one  word 
more.  While  tliese  consequences  wliicb  we 
foresee  lead  us  to  admire  your  skill  and  tout 
energy,  Ihey  aBsociaUs  ub  verv  closely  with 
your  aims  and  your  aspirations,  and  give  us 
turthur  reasons  tor  rejoicing  to  sec  you  here 
among  us  in  tbe  capital  of  the  British  EmpLra, 
and  tor  wishing,  as  we  heartily  wish  to-day, 
success  and  prospei-ity  to  your  labours.  «  \Ap- 
pla,^c.j 

(J!.  R.  H.  the  Prince  of  Wales  left  the 
Hall  utnldst  applause,  accontpaiiied  by  hit 
iuiie,  all  present  rising.) 


A  few  minutes  afterwards  ihe  proMsdingt 
were  continued  under  the  presidency  of 
Mr.  Dubois. 

Ml'.  Dubois  proposed  the  nomination  of 
Lord  Sialbridge  as  acting  president,  and  (^ 
Sii'  lleni^  Oakley  as  general  secretary  of  tho 
.8«on.  (CI,™,-..) 


[Lord  Sialbridge  took  the  chair,  firrompa- 
nied  by  Sir  Benry  Oakley.) 

Lord  Stilbhidgb.  —  ■>  Genllemcn,  — 
I  will  detain  you  but  a  very  few  momenta,  (or 
after  llic  eloquent  speeches  of  liia  Rt^ral 
HighnesK  the  Prince  of  Wales  and  the  Presi- 
dent of  iho  Board  ot  Tmde,  to  which  you  faavs 
just  listened,  little  remains  for  me  to  aay.  ex- 
cept to  welcome  you  on  behalf  of  the  railway 
compsnieR  nf  this  country.  You  are  assured 
of  your  welcome  from  those  two  gentlemen 
—  the  highest  in  the  land  and  the  President 
of  the  Board  of  Trade  as  rcpi'esenting  the 
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de  fer  le  font  k  leur  tour,  dc  tout  coeur,  k 
Totrc  arriy^  k  Londres. 


•  Je  sais  que  ce  n'est  pas  k  axes  quality  per- 
soonelles  que  je  dois  Thonneur  d'occuper  Ic 
poste  6leT6  que  vous  avez  bieii  voulu  me  con- 
fier  aujourd'hui,  mais  parce  que  j'ai  ^t^  choisi 
par  mes  collogues  comme  repr^entaiit  un 
chemin  dc  for  que  j'ose  appcler  Tun  dcs  pre- 
miers du  pajs,  siuon  du  monde  entier. 

•  Mcs  pr^6cesseurs,  dans  ce  fauteuil,  ont 
toojoun  ^i&  des  hommes  renomm6s  pour  dcs 
coQoaissanccs  techniques  plus  ^tcndues  que 
je  DC  puis  pr6tendrc  poss6der ;  leurs  noms  sont 
bienconnus  dans  les  annales  de  Tcxploitation 
dcschcmins  defer;  mais,  comme  vous  le  savcz 
bien,  CQ  Angieterre  les  administratcurs  dc 
chemios  de  fer  ne  sont  pas  choisis  k  cause  de 
lean  connaissances  des  details  techniques, 
mais  pour  d'autrcs  raisons.  Pour  les  details 
techniques  de  Fexploitation  dcs  railways, 
nous  nous  reposons  sur  ccs  hommes  habiles, 
experts  dans  la  profession,  sur  Icsquels  nous 
devons  nous  reposer  et  qui  sont  cai)ablos  dc 
nous  assister,  ct  auxquels  nous  confions 
I'ttploitation  technique  du  r6seau  entier. 
Cert  sur  leur  intelligence  ct  leur  Anergic 
que  nous  nous  reposons,  ct  j'ai  la  confiance 
que  dans  les  visites  et  dans  les  excur- 
sions que  vous    allcz   faire,    vous   pourrez 

• 

juger  par  vous-m^mos  de  leur  talent  ct  de 
leur  habilct^ ;  car  vous  pouvcz  6trc  assures 
done  chose,  c'est  que  rien  ne  sera  n6glig6 
par  lc8  compagnies  de  chemins  dc  fcT  pour 
^▼otre  s6jour  dans  cettc  Slo  aussi  intcrcs- 
«Mt  et  aussi  agr6able  que  possible.  [Ajfj^^au- 
^iuements,)  Vous  ne  devez  pas  nous  en  vou- 
1<^  si  le  temps  n'est  pas  parfait,  parce 
9oe»  comme  vous  le  savcz,  TAnglcterrc  est 
proverbiale  pour  Tinconstance  de  son  climat. 
Ed  ce  moment,  nous  avous  certainement  du 
boa  temps,  et  je  crains  que  dans  ce  batiment 
vous  ne  trouviez  qu'il  ne  r^gne  une  chaleur  un 
peu  plus  forte  que  celle  k  laqucllc  bcaucoup 


Government  —  and  the  railways  companies, 
as  being  in  this  country  a  private  interest,  now 
welcome  you  most  heartily  on  this  your  first 
appearance  in  London. 

« I  feel  that  the  honourable  position  in  which 
you  have  been  good  enough  to  place  me  to- 
day is  not  owing  to  any  special  knowledge  or 
ability  of  my  own,  but  it  is  in  consequence  of 
my  having  been  elected  by  my  colleagues  to 
take  the  chair  of  one  which  I  think  I  may 
modestly  call,  at  least  one  of  the  leading  rail- 
ways of  this  country,  if  not  of  the  world. 

«•  My  predecessors  in  this  chair  have  always 
been  famous  for  more  technical  knowledge 
than  I  can  pretend  to  possess;  their  names 
are  well  known  in  the  annals  of  railway 
working ;  but,  as  you  ai*rj  very  well  aware,  in 
England  directors  are  not  chosen  on  account 
of  their  knowledge  of  technical  details,  but 
they  are  chosen  for  other  reasons.  For  the 
technical  details  in  the  working  of  the  rail- 
way we  depend  upon  those  able  gentlemen 
experts  in  the  profession  on  whom  we  must 
depend,  and  to  whom  we  look  for  the  actual 
technical  working  of  the  whole  line.  It  is 
upon  their  skill  and  energy  that  we  depend, 
and  I  trust  that  in  the  visits  and  excursions 
you  will  shortly  make  you  will  be  able  to 
judge  for  yourselves  of  their  skill  and  ability ; 
for  you  may  rest  assured  of  this  :  that  nothing 
shall  be  wanting  on  the  part  of  the  railway 
companies  to  make  your  stay  in  this  Island  as 
interesting  and  as  agreeable  as  possible.  (Ap- 
plause. )  You  must  not  blame  us  if  the  weather 
is  not  perfect,  because,  as  you  are  aware, 
England  is  proverbial  for  the  fickleness  of  her 
climate.  At  present  we  are  having  certainly 
fine  weather,  and  I  am  afraid  that  in  this 
building  you  may  feel  it  a  little  warmer  than 
even  some  of  you,  gentlemen,  are  accustomed 
.  to;  but  still  I  trust  that  the  weather  will  be 
such  as  to  render  your  excursions  over  our 
country  agreeable  and  pleasant. 
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Alt  vons,  mox'ieurs,  nc  eont  a«'outuni4g  ; 
j'wpSre,  wpendaut,  que  le  lemps  sera  tel 
qn'il  reiidra  vos  escureions  a.  Iravttrs  lo  pays 
agr6ablcs  ct  amusanlcE. 

■  Comme  vous  I'a  trfes  bien  dit  Mr,  Bryce, 
nooB  flommea  flew  d'avoir  6ti!  Ir  berwaa  dc 
la  locomntive;  car  jc  peiise  qu'il  est  univer- 
sellemeDt  admis  que  Geoi-gc  Sluphonson,  s'il 
n'a  (ait  auciine  dfieDurertP  rpmarquable.  a  *t6 
|p  premier  h  adapter  la  vapeur  aui  bosoiiis 
fe  la  looomotive.  si  I'on  peut  R'exprimer  ainsi, 
et  Ton  nous  pardonnera  ds  tirer  quelque 
nertd  de  ce  que  ce  doa  fait  &  la  civilisation 
soit  dil  i  I'etiprit  invcntil  d'un  Anglais;  maie 
lea  Anglais  sc  rtjonissent  snrtmit  de  ee  que  pch 
rtsiiltats  bionFaisants  nc  «oiit  pas  rest&s  con- 
fin**  dans  lenre  lira,  ct  dc  ce  que  le  monde 
civilian  tout  cnticr  a  profiti^  des  (iiiits  de  koq 
gferiie,  dc  son  finei^e  el  de  sa  pefs^Tfiranee.  en 
prfesenci.'  des  graiides  diffimllfts  de  TCpuque. 
Maiiitenant,  bcnucoup  dc  mis  amis  strangers 
admimront,  j'oee  le  dire,  1ft  haule  pression  i 
laquelle  les  railways  anglais  eont  toujoars 
eKploitis.  S'il  est  unc  choce  que  lea  Anglais 
voudraient  pouvoir  faire  et  ne  peuvent  fairp. 
c'eat  de  (ermer  lee  portes  d'une  Etation  dnq 
oa  dii  minDtes  arant  le  depart  du  train,  ce 
qui  est  une  coutunie  trSs  frequwile  ft  Teti-an- 
ger;  mais  vous  veirei  les  gens  amver  A  la 
gare  an  dernier  moment  avant  I'heure  dii 
dApart  rtglemenlaire,  avce  loura  bagagoa  pt 
tout  le  feste;  toutefoiB,  I'habitndi?  el  I'habiletfi 
de  COS  emplo;6B  permettent  de  fatrc  f aoe  &  oela 
et  Je  pense  que  vow  eerei  BiirpriF  dc  la  ponc- 
tualite  avec  laquplle  nos  trains  los  plus  char- 
^6i  quitlcnt  leur  point  de  depart  dnns  la  m6- 
Iropnle  et  dans  les  aiiti-es  grandcs  villos  4 
I'heurc  r6glcmentaire. 

-  Je  voudrais  vous  eiposer  quelques  fait^ 
relatib  am  chemins  de  fer  nnglais  et  que 
Mr.  Bryee  n'a  fait  qw'efflniirer  .le  voudrais  ■ 
6tablir  une  onnpanljson  cI  }e  suis  A  ni6me  de 
le  faii'e  avci^  les  r^sultats  d'il  y  a  diiquante 
ana.  Cettc  comparaisoo  ciitre  11343  ct  18^3 
merits  bien  d'attirer  quclques  insIantE  voCro 
attention.  Mr.  Bryco  a  dit  rpio  le  iiombre  de 


■.  S'lw,  asMr  Bryeo  hat  truly  Mid.  we  pride 
ourselves  upon  beijig  the  home  of  tlie  loeonto- 
tivo;  for  I  think  it  is  nniTereally  admitted 
that  George  Stephenson  was  the  one  toau  who 
without  malting  any  remarkable  diGi'oTierT,  if 
Olio  may  say  so,  was  the  one  lo  adapt  srefim 
for  locomutive  purposes:  and  it  iaa  pardon- 
able pride  ^vith  MS  Uiat  this  boon  to  civilisa- 
tion sprang  from  the  hirain  of  an  Englishniaii . 
But  Kuglishmcii  i-cjoioi  in  the  knowledge  Ibit 
its  bcuefieent  I'osults  are  not  confined  to  these 
Islands,  but  that  the  whol«  civilised  world 
has  shared  in  Iho  (rtiils  of  his  genius,  energy, 
and  peiiseveraiice,  in  the  face  of  great  difficul- 
ties at  the  time.  Ni.>w  many  of  our  foiwgti 
frionds  will  I  dare  say  admire  tbc  high  prcs- 
Eui-e  tit  which  English  nUwajB  are  ahrajf 
worited.  It  there  is  ona  thing  mnrf*  ihtw 
another  that  Englishmen  would  like  to  do  mA 
cannot  do,  it  is  lo  shut  the  doors  of  a  »tiitiun 
five  or  leu  minutes  bofore  the  train  leaves, 
which  ievery  freiiucutly  the  habit  abroail;  bui 
you  will  see  gieaple  come  up  to  tlie  slalion  ■■ 
the  very  moment  before  the  train  is  adrertise>d 
U<  leave,  willi  tlieir  baggage  and  everj'lhiug 
else ;  liut  habit  und  custMU  and  the  skill  of 
our  employes  is  enabled  lo  deal  with  that, 
and  I  think  yim  will  be  surprised  at  (he 
punctuality  with  which  our  heavily  loaded 
trains  leave  tlie  termini  and  slaiinQs  in  the 
Metropolis  ajid  other  large  towns  ;ii  tbr 
advertised  moment - 


-  I  should  like  I"  lay  brfore  you  a  few  fart* 
o^  which  Mr-  Bryco  touched  lightly  with 
regard  to  English  Railwap.  And  !  would 
just  compare  tliem,  and  I  am  enabled  to  dn  sn, 
wiih  what  was  thi?  result  eiactly  50  yf«rB  agn. 
The  comparisons  between  1843  and  1893  an" 
well  worthy  of  your  altwilion  for  a  dew  in»- 
mentc.     Mr.  Bryce  said  that  the  number  ot 
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Tofageurs  da  RojraiiiDe-Uni  est  k  peu  prte  de 
900  millions,  m&is  ii  a  compl^tcment  oubli6 
qa'4  cW6  de  ces  900  millions  de  voyageurs,  il 
d't  a  pas  moins  de  1 ,574,000  cartes  d'abon- 
iiement  6mise8  pour  des  parties  plus  on  moins 
longws  de  rann6e,  chacunc  desquelles, 
d'api^  Dotre  estimation,  est  emploj6e  en 
moyenne  250  4  300  fois ;  de  telle  sorte  que 
li  Toas  Youlez  bien  multiplier  1,574,000 
par  250  et  ajouter  le  r6sultat  aux  900  mil- 
lioni,  tons  aurez  une  id6e  rtelle  du  nombre 
de  Toyagenrs  que  nous  transportons  dans  ce 
paTB.  (Applaudissements,) 

•  Lfis  rccettes  du  trafic  des  voyageurs  se  sont 
feteffjes  k  757,925.000  francs  {£  30,317,000); 
le  tonnage  des  marchandises  (jc  parle  de  Tan* 
nk  1893)  s'est  61ev^  k  298  millions  de  tonnes 
^,290,000  tonnes  anglaiscs),  avoc  unc  re- 
rettedc  1,024,850,000  francs  (£  40,994,000); 
V008  Yojei  ainsi  que  notre  traiic  des  marchan- 
to  rapporte  k  peu  pres  250  millions  dc 
francs  (£  10  millions)  de  plus  que  notre 
tnic  des  voyageurs.  Les  recettes  totalos  des 
dieinius  de  fer  du  Royaume-Uni,  y  compris 
let  rentes  et  les  recettes  diverses,  se  sont 
iteffes  It  2,015,797.300  francs  (£80,631,892) 
«t  les  d^penees  d'exploitation  ont  atteint 
1,142,377,975  francs  (£  45,695,119),  ou 
37  p.  c.  des  recettes  totales ;  la  difference, 
'BpPfeentant  la  recctte  nette,  s'est  elev6e  k 
«73,419,325  francs  (£  34.036,773i,  ce  qui 
•Cfut  suffisant  pour  payer  en  moyenne  un 
^^Mt  annuel  dc  3.59  p.  c.  du  capital.  Le 
wnbre  total  de  kilometres  parcouriis  par 
^  trains  dans  le  Royaumo-Uni  a  6te  de 
51^,452,460  (322,84 1 ,802  milles)  et  le  nombre 
^^  de  machines  poss^d^  par  les  differentes 
oonpagnies  6tait  de  18,032,  de  telle  sorlc  que 
^^tte  machine  a  parcouru  en  moyenne 
^M  kilometres  (17,903  milles)  dans  I'an- 
^'i  on  peut  dire  aussi  que  si  Ton  additionne 
^cs  parcours  e£rwtu6s  par  toutcs  les  machines 
en  quarante  minutes  on  obtient  un  parcours 
total  6gal  au  tour  du  mondc.  Ce  sont  des 
fhiffpes  considerables,  mais  ils  sont  insigni- 
fitnts  si  nous  les  comparons  k  ceux  des  chc- 


passengers  in  the  United  Kingdom  was  some 
Aing  like  900,000,000  but  there  he  totally  for- 
got  that  besides  those  900,000,000  passengers 
there  were  no  less  than  1,574,000  season 
tickets  issued  for  varying  periods  during  the 
year,  each  of  which  was,  according  to  our 
computation,  used  between  250  and  300 
times;  so  that  if  you  will  kindly  multiply 
1,574,000  by  250,  and  add  that  to  the 
900,000,000  you  will  then  have  a  real  idea 
of  the  number  of  passengers  that  we  do  carry 
in  this  country.  [Appl<iuse  j 

♦*  The  receipts  for  passenger  traffic  amounted 
to  £  30,317,000  (757,(^25,000  francs);  the  ton- 
nage of  goods  and  mineral  traffic  (I  am  speak- 
ing of  the  year  1893^amounted  to  293.290,000 
tons  ; 208, 000, 00')  metric  tons),  the  receipts 
from  which  amounted  to  £  40,994,000  (1 ,024 
millions  85(»,000  francs) ;  so  that  you  will  see 
that  our  goods  traffic  l>rings  in  more  by  some 
£  10,000,000  (250,000,000  francs)  than  our 
passenger  traffic  in  this  country.  The  total 
receipts  of  the  railways  in  the  United  King 
dom,  including  rents  and  other  items  amounted 
toJB  80,631,892  (2,015,797,300  francs)  and 
the  working  expenditure  came  to  £  45,695, 119 
(1,142,377,075  francs)  or  57  per  cent  of  the 
total  receipts.  The  balance  representing  the 
net  profit  amounted  to  £  34,936,773  (873  mil- 
lions 419,325  francs),  or  sufficient  to  pay  on 
an  average  3*59  per  cent  {)er  annum  on  the 
paid  up  capital.  The  total  number  of  miles 
travelled  by  trains  in  the  United  Kingdom 
was  322,841,802  (519.452,460  kUometres); 
and  the  total  number  of  engines  possessed  by 
the  various  companies  was  18.032  so  that 
each  engine  ran  on  the  avei*age  17,003  miles 
1 29, 806  kilometres)  in  the  year.  Taking  the 
whole  of  the  engines  collectively  it  may  be 
said  that  they  run  once  round  the  world  in 
every  forty  minutes.  Those  are  large 
figiires,  but  if  we  look  at  the  railways  of  the 
civilised  world,  why  those  figures  are  absolu- 
tely dwarfed.  Some  throe  or  four  years  ago 
it  was  computed  that  the  amount  of  money 
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niiiis  de  ter  Ju  monde  civiliE^.  On  a  enkuli^, 
ilvBtfoiEou  quatreaDB,(jue  le  capital  en  pagC 
daus  les  cliemins  lie  for  du  monde  6Uit  appro- 
ximntivomcnt  dc  150.000  millions  de  francs 
{6,000  millions  slerling),  et  qne  les  recettes 
dc  I'exploitatioii  fitaient  &  peu  pi*3  da 
12,300  millions  de  francs  (300  millions  ster- 
ling] par  ftn.  Le  total  du  klloin^tragc  dcs 
railways  du  moudc  nous  ei  616  doan^  par 
Mr.  Brree ;  je  na  voiis  en  reparlerai  dono  plus, 
mftis  U  J  a  un  fait  curicux,  c'cst  qu'il  y  a 
dans  ic  monde  envii-on  120,000  locotnotivL>s 
en  feu,  et  si  I'on  peut  admottro  que  chai^une 
d'dllea  parcDurt  en  mojennc  32,160  kilo- 
metres (20,000  mitloa]  par  an.  noua  obtien- 
droiis  iin  pareours  do  3.861,600.000  ki!o- 
mfliruE  (2.400.000. 000  milles)  par  an.  soil 
vingt-sin  fois  la  distance  cntre  la  terre  et  le 
solcil.  Ces  chiSi:^  sont  absoliuncnl  -triip 
grands  pour  que  I'intclligcnce  bumaine 
puissc  tea  saisir.  Maia  on  doit  «'6mei'veiller 
que  tout  ce  d^fcloppemcnt  do  I'industric  dn 
chcmins  de  fer  a  fitfi  I'muvre  d'uuo  bcwIo  g6n6- 
ralion,  car  c'cst  un  fait  peu  douteui  qu'il  y  a 
encoii;  bcaucoup  dc  perGOitni^  i|ui  peurcnt  so 
souvenir  d'avoir  yoyagCi  en  coche  ou  an  dili- 
gence avant  I'existcnco  des  oheanina  de  fer. 
L'un  des  vice-pr&idents  du  London  and 
Norlii  Western  Rail »f a V,  Mr.Cawkwell,  avail 
23  aiia  lorsque  le  clieniiii  dc  (er  do  Liverpool 
i  Manchester,  ie  premier  railway  ouvcrt  au 
transport  public  des  voyngcurs.  fiit  inaugur6 
Hn  1830.  Mais  il  y  a  un  autre  sujct  auquel 
Mr.  Bryco  a  fait  allusion  et  sur  lequel  jn  vou- 
drais  Tous  donncr  quclquea  chifitea,  et,  s'il  y 
a  lui  sujot  el  s'il  est  un  motif  pour  lequel  les 
hommos  qui  sont  charges  de  roiploitation  des 
ehemins  de  fer  en  Europe  ou  au  d'?hors 
peuvont  s'adrcsser  de  legitimes  congratula- 
tions, i-'est  que  grftce  au  gSnie  inventit  dc 
lours  ing6nieurs  et  k  la  multiplication  des 
appareils  du  sigiiaux  et  d'cnclenebcmcnts 
construita  dans  un  but  de  H6curit6,  les  acci- 
dcnls  qui  ont  colll6  la  via  i,  des  voyagcui's  sui' 
lea  chejnins  dc  fer  out  616.  dans  les  dertiii^i-es 
atinfies,  reduils  preaque  au  minimum. 


invested  in  the  railways  of  tiie  world  ws& 
approximately  six  thousand  millions  sterling 
(150,000  millions  of  francsj.and  lliui  (he  traf- 
fic receipla  were  neat'ly  five  hundred  millious 
sterling  (1S,500  millions  of  francs)  per  an- 
num. The  total  mileage  of  the  railways  of 
the  world  Mr.  Bryce  has  given  vou.  so  1  will 
not  go  over  that  again ;  but  this  is  a  curions 
fact  :  that  thciv  are  in  the  world  aboul 
120,000  locomotjve  engines  in  ateam,  and  if  it 
may  be  aaaiimed  Ihat  each  oE  those  runs  on 
the  average  20,000  miles  (32,lfiO  kilometresl 
in  the  year  we  shall  get  a  train  mileage  of 
about  2,400,000,000  of  miles  (3.871.600.000 
kilometres)  in  the  year,  or  26  limes  the  dis- 
laneo  bctwocu  the  Earth  and  the  sun.  Theae  ■ 
figures  are  almost  too  vast  for  liie  human 
intellect  Co  grasp;  but  the  most  marveUous 
reflection  is,  that  all  ibis  development  of  rail- 
way enterprise  has  been  (he  work  of  a  single 
geuei'al.ion ;  for  it  is  an  undoubted  Inct  that 
there  are  many  persons  living  wlio  con  remem- 
Ijer  travelling  by  coach  or  stAge  wagon  before 
the  railways  cxislod.  One  o[  the  Deputy 
Chairmen  of  the  London  and  North  Western 
Railway,  Mr.  Cawkwi.'ll.  was  twonty-ihree 
years  of  age  when  the  Liverpool  and  Man- 
Chester  Railway,  (he  first  public  paseenger 
railway  made,  was  opened  for  traffic  iu  1830. 
But  there  is  another  subject  to  whii'h  Mr.DrjW 
alluiled,  and  on  which  1  should  just  like  to 
give  you  a  very  few  figuros,  and  that  ie,  that 
it  there  is  one  legitimate  subject  ot  congrMU- 
latiun  amongst  thoae  who  arc  responsible  (or 
the  working  of  railways  whether  in  Europo 
or  abroad,  it  is,  tliat  owing  to  the  invtntivo 
genius  of  their  engineers,  and  the muItiptioK- 
tion  of  the  signalling  and  interlocking  M.f 
pliiuicea  designed  For  safety,  tho  loss  oi  lite 
amongst  passengers  (ravelling  by  railway  hw 
been   reduced  in  i-eeont  years   to   almost  a 
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« Dans  Tann^  1870,  sur  les  chemins  de  fer 
da  Rojaaine-Uni,  il  a  6t6  tu6  un  voyageur 
sur  4,700,000  et  il  a  6t6  bless6  un  voyageur 
sar  280,000  par  des  accidents  de  trains; 
en  1893,  malgr6  le  grand  accroissement  de  la 
^tesse  des  trains  et  Tencombrement  plus 
gnnd  des  chemins  de  fer  provenant  de  I'aug- 
mentation  da  trafic,  il  n'a  ^t^  tu6  qu'un  voya- 
geur sur  8,237,000  —  c'est-i-dire  k  pcu  prfe 
k  moitid  —  et  il  n*a  616  bless6  qu'uu  voya- 
geur sar  715,000.  II  est  done  un  fait  que,  s'il 
faut  en  juger  seulement  par  la  statistiquc,  la 
0^  on  homme  est  le  plus  en  sOrete,  e'est  dans 
une  Yoiture  d'un  train  express. 

*  M&inteuant,  messieurs,  je  vais  enfin  arri- 
Ter  &  la  comparaison  promise.  Cinquante  aiis 
auparavant,  en  1843,  treize  ans  apres  I'ou- 
wture  du  premier  chemin  de  fer  public, 
lesrecettes  de  Texploitation  des  chemins  de 
fer  du  Royaume-Uni,  au  lieu  d'etre  de  plus 
de  2,000  millions  de  francs  (80  millions  ster- 
ling), comme  en  1893,  etaient  seulement  de 
112  1/2  millions  de  francs  (4  1/2  millions 
sterling)  k  pcu  pres.  Le  nombre  de  tonnes 
^TMsport^es  n'etait  pas  not6  a  cette  6poque, 
Diais  le  nombre  de  voyageurs  6tait  d'environ 
23 1/2  millions.  Le  capital  depens6  pour  tons 
lescbcmins  do  fer  ouverts  au  trafic  k  cette  epo- 
que^taitde  1,637.500,000  francs  (65,500,000 
steriing),  et  le  kilom6tragc  des  chemins  dc 
'er,  qui  s'el6ve  aujourd'hui  k  32,200  kilo- 
Metres  (20,000  milles),  etait  alors  do  nioins 
^  3,220  kilometres  (2,000  milles). 

■  Telle  est  la  comparaison  rapide  qu'il  m'a 
^  possible  de  vous  donner  pour  la  dcrni6re 
p6riode  de  cinquante  ans ;  mais  qui  pcut  pre- 
^oir  ce  que  Thomme  qui  aura  I'honneur 
d'occuper  dans  cinquante  ans  Ic  poste  que  j'ai 
en  ce  moment,  sera  mis  a  mOme  dc  vous  dire? 
Ppendra-t-il  un  ballon  pour  quitter  son  fau- 
^euii  ou  montera-t-il  dans  un  train  marchant 
*la  ntesse  de  240  kilometres  (150  milles)  a 
ihwre et  quel  serale  moteur  futur  du  moude? 
ActueUcment,  pour  autant  que  les  ing^nieui's 
P«i8sent  le  dire,  r^lectricite  somble  dcstin6e 
ijouer  un  r61e  tres  important  sous  ce  rapport; 


••  In  the  year  1870  on  the  railways  of  the 
United  Kingdom,  1  passenger  in  about 
4,700,000  was  killed,  and  1  in  about 
280,000  was  injured  by  accidents  to  trains; 
but  in  1893,  notwithstanding  the  great 
increase  in  the  speed  of  the  trains,  and  the 
more  crowded  state  of  the  railways  arising 
from  the  growth  of  traffic,  only  1  passenger  in 
every  8,237,000  was  killed  —  that  is,  nearly 
half  what  it  was  before  — and  1  in  7 15,000  was 
injured.  It  is  a  fact  that,  judging  from  sta- 
tistics alone,  the  safest  place  that  a  man  can 
be  in  is  in  a  carriage  on  an  express  train. 

«  Now,  gentlemen, I  would  just  give  you  this 
comparison  :  that  just  50  years  ago,  in  1843, 
thirteen  yeare  after  the  opening  of  the  first 
public  railway,  the  total  traffic  receipts  on  the 
railways  of  the  United  Kingdom  instead  of 
being  more  than  eighty  millions  sterling 
(2,000  millions  of  francs),  as  they  were  in 
1893,  were  only  about  four  and  a  half  millions 
(112  1/2  millions  of  francs).  The  number  of 
tons  caiTied  was  not  at  that  time  recorded, 
but  the  number  of  passengers  carried  was 
about  23  1/2  millions  —  the  [)aid  up  capital  of 
all  the  railways  at  that  time  opened  for  traffic 
was  65  1/2  millions  sterling  (1,637,500,000 
francs)  and  the  mileage  of  the  i*ailways  which 
has  now  grown  to  20,000  miles  (32,200  kilo- 
metres) was  then  less  than  2,003  miles 
(3,100  kihmiotres:. 

»»  Such  is  the  short  comparison  I  have  boon 
able  to  give  you  for  the  last  50  yeare;  but 
who  can  tell  what  the  gentleman  who  will 
occupy  the  honourable  position,  which  I  at 
this  moment  hold,  50  years  hence  will  bo 
enabled  to  say  ?  Will  he  take  a  balloon  th<»n 
to  leave  this  place,  or  will  he  go  on  the  rails 
at  the  rate  of  150  miles  ;240  kilometres' 
an  hour,  or  what  will  be  the  futui'e  motor 
of  the  world  ?  At  present,  so  for  as  engi- 
neei*s  can  sav,  electricitv  seems  to  be  bound 
to  play  a  very  important  pail  with  regard 
to  that;  but  with  regard  to  that,  what  is  to 
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mais  i  ee  propoe,  quelle  sora  la  force  niotrire, 
si  vouK  me  ixinnellez  d'emplojer  «  mol.  qui 
prrxliiii-ft  r61(H.-tricit6?  Sera-ce  encore  k'  char- 
l;iiii  1  Nous  caiutalona  quo  la  omisonuitation  du 
diarbnn  Jans  ce  pajs  a'at'cnrft  avce  une 
praiide  rnpidilA.  Jc  trouvu  qu'cn  1854,  qui  est 
U  pWDiiilwoimfe  pour  lafnicllo  on  ait  recupilli 
Aei  stalisliques  coinpltttm  t  co  eujet.  I'tiilrac- 
tion  lotalr!  du  01101*11011  dHu«  le  Rnjaumf-Uni 
ttait  dt>  65.  n06,000tnniic«;n4,661,()0()  tonnes 
aiiglaises).  En  1H93,  l^Krai-lioii  tuiate  a  6I« 
(Ic  106.954.000  toniiOB  (16-1.322.00(1  toniu^E 
aiiglaisca).  Eb  Ucn,  js  suis  heurcui  de  vous 
diro  que  nous  nc  soduiu'a  pas  liiquiots  en  ou 
tnuNeiit  dc  la  dinunuUuii  Ar  nw  gist-'in«its  do 
cltarbon;  il  ti'osi  pirint  doultntx  qui-  dans  les 
(laj^  qui  onl  6W  ouvorts  nVi-niiufnl.  —  je  (hie 
plus  partipulWreinent  allusion  an  Jnpoii.  — 
di:  vastiw  mines  dc  tharbon  out  At&  tnuivure, 
ut  RU  tut'  i^t  j^  mcsuttt  qiii<  lo  mundc  a'auvrira 
davautage,  on  dvcounii'a  qn'il  v  a  encoiv  dt» 
d^pAlsignorL-sdediarboij.  r[iii  oBt.  en  sutnino, 
du  soIl'U  t-n  boutcillc  }y'»r  I'u^agio  (ulur  du 

-  Les  chciuius  de  for.  coiujimi  tuub  1p  ebpox, 
mi.'Mieurs,  4(cudtnt  parluiit  cle  nouvelles 
ligiUE.  L'Afriquc  pcAuvntM-a .  saits  aucuii 
doute,  proclialiumeBt,  avsiil  quu  de  unni- 
broiiKs  niiii6«s  se  uiicTit  i.W>ul6cs,  Ic  mdnc 
aspect,  Edits  !o  rappoiH  dc«  rhemiiis  de  (tr. 
qm  lo  contitiont  amdrieain  pi-u^>-nte  ai-tunlle- 
uieiit.  II  cs(  coE'taiii  quo  ms  nSuniona  du 
Coiign^,  si  ut*lcs  qu'ullcii  awut  6I0  dans  Ic 
pitEte,  aeroiit  imrora  plus  uiilos  dans  I'aTetiii'. 
■■I  quo  Tn«  d'' liberations  aideruiiL  iiial^toUe- 
ment  it  I'txleusion  dea  riieniin*  du  fw,  qui, 
pniir  Dulatil  que  nous  puissions  Ic  din.'  t 
I'heure  tu-tueltr,  sont  la  g-i-niidv  Torcc  i^ivilisa- 
triee  du  nionde.  car  partuuE  uii  I'uii  vuit  apjui- 
raitrv  la  civil isalioti.  uii  clivmin  dc  fer  la 
pr6c6d(!  OH  la  suit,  {Applaudit»ita«"li  ) 

•  Jc  suiB  oi'rtaiu  que  Ut  d^Mratioot  du 
CongT*^  n'aufont  pai  une  iniportance  niaindni 
que  cellos  dos  pr^c&lcnts.  J'ai  la  contlance 
quo  voua  tirerr*  quelqnc  prufli  des  c; 
qui  out  Mi-  5'oignoutMu'iit  t-rgBniBios  ci 


Lu  tlic  luotivo  power  {it  I  1 
word)  to  produco  Qlectricity?  Is  it  to  tx 
because  w  e  litid  ihut  Uic  cunsumpUaii  1 
in  this  counting  is  iucrensing  vcrj  n 
t  find  Ihal  in  If54,  which  is  theearllei 
tor  n'liidi  cumplele  miiKU'al  stsUelica 
roeorded.  tbo  tnUI  output  of  coal  i 
United  Kingdfliu  wnkG4,()61 .000  tons  (t 
Uons  OgG.UOO  meUic  ions).  In  im 
total  output  vns  irM.rtSo.OUMIotiaflfl 
lioiis  954.0110  niou-ic  tons).  Well, 
glad  lo  mv  tlial  va  ara  not  aiiitouB  1 
tnomiutt  as  to  the  diniiiiuliaii  of  our  d< 
of  I'ool;  liiit  thcro  is  no  d.iubt  that  in 
irios  which  haye  been  opem-d  up  lalrfj 
can  allude  more  parlicularlr  to  Japan- 
coal  fieiii  have  been  found;  and  the 
Uiat  til'.'  will-Id  i^  opunod  up  the  mora 
Im  found  (hat  tluiru  are  deposits  al 
which  is  iTidl^  biKtlwi  Kuuthioo  whoQ 
eaid  and  duiio.  in  vui4oue  parte  of  tho 
stored  up  far  (he  (utufc  ufc  of  Ihe  wor 


■  Huilwiirt  as  Toii  know,  gisnileine 
iiicrraainir  cvcrvwhcre.  Africa  Mill  a 
present,  befoi-c  nianv  jenrs  aro  owsr,  th( 
nspet't  of  RuilwiivB  owe  it,  doubtlom,  tl: 
Amoricau  cnntincnt  piiiKenli  now;  and 
is  no  diiubt  wliatevor  that  the««  en 
nuMtiiif^.  useful  us  tbt.7  have  been  in  tbi 
will  h(!  still  more  useful  in  tlie  future 
that  ;our  doli>ier)\tious  viU  aid  malerli 
the  spfead  »{  ruilwara  throughout  the  ^ 
which,  so  far  as  wc  can  loll  at  thia  p 
momoiit  are  ilio  great  civil isingp  power 
world;  tor  ulien-ver  civilisation  is  fm 
go  a  niilTCMT  is  bound  Qitlicr  lo  pj'oco 
follow,  (Ai-piaime.] 


■  I  fa't  certain  Uut  the  delibwfttic 
this  session  will  not  be  of  lusi  impta 
llian  those  which  have  pi'ecedcd  it.  I 
thai  you  -will  take  iidvnniagL'  of  the  exMU 
whicli  luiw  U.'cn  carefully  laid  out  locj 
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lie  ?ous  faire  voir  iios  graucU  centres  dc  Tin- 
ilustricdes  cheinlns  de  fer,  ct  j'esp6re,  qua  rid 
uous  nous  sdpaix^rous,  que  les  d616gues  (.^m- 
porteront  un  bon  souvenir  de  Thoepitalite  des 
Compagmcs  du  Rojaumc-Uni.  Je  puis  vous 
assttPDT  que  uous  ferous  tout  ce  qui  es-t  pos 
sible  pour  rendre  votre  visitc  agreable,  ct 
j'esp6re  le  prouver. 


••  J'ai  maintenant  un  autre  devoir  a  i-emplir, 
c'est  de  prior  les  d6'6gues  pr6sents  do  so 
rendre  dans  1<^  locaux  dos  sections  pour  y 
«'4ire  leurs  presidents  et  faire  los  premiers 
pas  nocessaires  pour  inauguror  leui^  tra- 
nnx.  n  [kpplcnidissetncnts.) 

Mr.  DcBOig.  —  ♦«  Les  membres  du  Coiijrres 
sont  pri^s  do  sc  reudre  dans  leurs  sections 
iwpoctifDs  pour  J  proceder  a  la  nomination 
<iu  prtsident  et  des  secretaires  principaux  de 
cfatcuDe  des  sections.  » 

—  La  86ance  est  levee  a  4  lieu  res. 


soo  our  gixjat  centres  (»f  railway  industry, 
and  I  trust  that  whon  wo  moot  to  say  good 
bye  some  ten  days  or  a  fortnight  hence  I  shall 
find  that  there  lias  been  a  feelinjr  of  satisfac- 
tion expressed  by  the  delegates  gonorally  at 
the  reception  which  they  have  been  accorded 
by  the  railway  companies  of  this  country. 
I  can  assure  you  that  we  shall  do  our  best> 
to  make  your  visit  pleasant  and  agreeable, 
and  I  trust  it  will  prove  so. 

«  I  have  now  only  one  other  duty  to  per- 
form, and  that  is  to  ask  the  delegates  present 
to  adjourn  to  their  %'arious  rooms,  and  there 
to  elect  their  Pr(3sident6  and  lay  the  steps  for 
the  future  business  of  this  Congress.  «  (4/>- 
plaiise.) 

Mr.  DuKOis.  —  The  members  of  the  Con- 
gress ai^e  requested  to  adjourn  to  their  va- 
rious sections  fcu'  tlie  purpose  of  electing  the 
President  and  principal  secretaries  of  each 
section. 

—  The  proceedings  terminated  at  4  o'chx^k. 
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ORDRE  DU  JOUR  DES  SECTIONS. 


Ordre  du  jour  des  s 


SECTION  I. 

voies   et  travaux. 
(way  and  works.) 


SECTION 

TRACTION   BT   MA 
LOCOMOTIVES  AND  ROl 


Lundi,  l"juillet 
(Monday,  July  1) 


Afafm.  10  beures  .    .  ) 

[Aloitiing,  10  o'clock) .  i 

Apris  midi,  t  heures.  j 

A/ternooH,  t  o'clock^  i 


Mardi,  SJuillet  . 
(Tuesday,  July  2) 


Matin,  10  heures  .     . 
{Mwning,  10o*clockj. 


Apfi»-mid'\  2  heurfts 
[Afternoon,  2  o'clock). 


Mercredi.  3  juillet,  A/a<in,  10  heures  .     .     . 
L  (Wednesday,  July 3, -Worninj/.  10 o'clock)    . 


Jeudi,  4juillet    .     . 
(Thursday,  July  4)  . 


3/a/in,  10  ^eu^es.     .     ) 
[Morning,  10  o'clock).     \ 

Api'^-midi,  2  heures 
(Afternoon,  2  o'clock). 


Vendredi,  5Juillel  . 
(Friday,  July  l.)  .     . 


Matin,  10  heures  .     .     ) 
'.Voniiui^,  10  o'clock).    \ 


ApvH-midi,  2  heures.     \ 
[A ftenioon,  2  o'clnck).     \ 


Sumedi,  6  juillet.  Matin,  10  hpures  .     . 
iSalurday.  July  0,  Morning,  10  o'clock) 


I.undi,  8  jiiillPl  . 
(Monday.  July  8) 


Matin,  10  hpures  .     .     ^ 
[Morning,  10 o'clock  .     j 


AprdA  midi,  2  heures.     \ 
{ A iternoon,  2 o'clock],     \ 


Mardi,  Vjuillpt.  Mntin  .     . 
^Tueitday,  July  9,  Morning). 


\ 


10  heiires  . 
(10  o'clock) 

1 1  i/j  heure«5 
(lliO  o'clock: 


I.  Renforcement  des  Yoies. 
(Strengthening  of  Permanent 
Way.) 

I.  Renforcement  des  voles. 
(Strengthening  of  Permanent 
Way.) 


I.  Renforcement  des  Yoias. 
(Strengthening  of  Permanent 
Way.) 


II.  Points  spteiaux  de  la  voie. 
(Places  in  Permanent  Way,  Ac) 


II.  Points  spteiaox  de  la  voie. 
(Places  in  Permanent  Way,  Ac} 

III.  Bifurcations. 
(Junctions.) 


I 


IV.  Pontsm^talliques. 
(Metallic  Bridges.) 

Stance  pl^ni^re. 
(General  Meeting.) 


XVI.  Syst^me  decimal, 
(liecimal  System). 
A  vec  la  tection  1 V,  dan*  la  talU  n'  12. 
^  With  Section  1 V,  in  Room  No.  12.] 


S  Stance  pl^ni^re. 
I  (General  Meeting.) 


IV.  Por.ts   m^talliques.   [Suite  el 
(Metallic  Bridges'.  [l£nd.) 


i  Stance  pl«^r>i^re. 
(  (General  Moeiing.) 


Stance  pl^ni»TC. 
(General  Meeting.) 

Stance  de  clAlure. 
(Closing  C^'remony. ) 


V.  Chaadiftrea. 
(Boilers.) 


V.  Chauditees. 
(Boilers.) 


VI.  LooomotiTesdesi 

vitene. 
(Express  Looom 

VII.  Voitures  des  tr 

Vitesse. 

(Express  RoUini 

Avec  Id  teciion  ///,  4fl 

»4anee»  t^Sni 

\WitfiSeetionIIKmB 

HaU.) 


VII.  Voitares  des  tr 

vite8>e. 

(Express  Rolllii( 

Atec  la  aection  ///,  dm 

—  SalU  dn  chmmim 

migttei. 

(With  SeciUm  Hi,  in 


\  VIII.  Traction  61eetriq 
\  (Electric  l'ra4:tio 

S  Stance  pl^ni^re 
I  (General  Meeting.) 


IX.  Acceleration  des 
marcliaudises. 
(Acceleration  of  ] 
Atec  la  iection  III^  da 
tSancm  pMnA 
[With  Section  IIl.inE 
Hail.) 

\  S<toncepleni^re. 
(  (General  meeting  ) 


L  VIII.  Traction  eiectri 
(  (Electiic  tractioi 


XX.  Freins  de:s  eb«n 
nomiqiies. 
(BrakeK  forLighi 
A  ven  la  xection  V,  &n 
V  With  Section  .  V,  iit 


\  Seanc»  pl^ni^re. 
\  (General  Meeting.) 

\  seance  pleni^re. 
I.  (General  Meeting.) 

)  Stance decldtnre. 
I  (Cluing  Ceremony  ) 
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unme  of  the  Sectional  Meetings.) 


SECTION  m. 


CITATION.   (tRAFTIC  ) 


SECTION  IV. 


ORDRE   GlfeNERAL.    (GENERAL.) 


SECTION   V. 

chemins  de  fer  economiques. 
(light  railways.) 


.1 


MUX. 


-5 


teres  destraias&grande  Titeaae. 
ptw  Rollinf-slock.) 
•  wrMcMB  i/.  dan$  la  ialU  det 
mem  pUmi&m,  d9h.30. 
Kttoii   //•  in  Ba9i  Confertnce 
HmU^at  3  J$  o'clock,) 


itucfldra  trmins  4  grande  vitesae. 
ipwflS  Roliing^atock.) 
mdiam  ii^  dans  la  iaile  n*  8.  — 
m  dhnniiM  d4i  fer  feonomiqu^. 
II,  <i»  Room  No,  8,  Light 
Mmil^ay  Room.) 


de  gaie.  {Suite  et  fin.) 
Ojon  Working).  {End.) 


r£ 


MMClnf. 


Miltesiiofi  CtA  Uranspurts  de  mar- 


.of  Merchandise.) 
I  J,  dan»  la  »<Ule  dm 
.. .  piinl^rfs, 

JI,  in  Bail  Conference 
Hall.) 

iUeetitkg,) 


ctafe  et  camioonage. 
and  Delivery.) 


irmn  de  Tingt  qnatre  beure*. 
It  Twenty-fiNur  Hours'  Day.) 
to  wetUon  J  V,  dan$  la  ealle  det 

M^oHCf*  plini&rei. 
ieeUon  JV.  in  Batl  Conference 
Hall.) 


Its 


Meeting.) 


iUni^re. 
IMeetlDg  ) 

lacUMore. 


.) 


I   XIIL  Organisation. 
\  (Organisation.) 

XIV.  R^lementdeslitiges. 
(Settlement  of  disputes.) 


XVII-B.  FacililAs  A  accorder  aux  chc- 

mins  de  fer  A  faible  traflc. 

(Relaxation  of  requirements.) 

Atec  la  iection  V,  dans  la  talle  det 

stances  plinieret, 

(  With  Section  V,  in  East  Conference  Hall.) 


'XVII-B.  Facilii^s  A  accordcr  aux  che- 
miUH  de  fer  k  faible  trafln. 
(Relaxation  of  requirements.) 
Avec  la  tectwn  V,  dant  la  talle  det 
tSancet  pUniirea. 
( With  Section  V,  in  Eatt  Conference  Hall. 
S^ncepl6ni6re. 
(General  Meeting ) 


XVI.  Syst^med^cimNl. 
(Decimal  system.) 
Avec  la  section  T,  dans  la  salle  n*  I?. 
( With  Section  /,  in  Room  No.  n. ) 


Stance  pl^ni^rc. 
(Qenerai  Meeting.) 


XVII-A.  Afllnentsde  transports. 

(Contributive  traffic. ) 
Avee  la  tection  V,  dant  la  talle  det  t4ances 

ftliniiret. 
( With  Section  V,  in  Eatt  Conference  Hall.) 


XV.  Cadran  de  vingt-quatre  heures. 

(The  Twenty- four  Hours'  Day}. 

Avec  la  tection  III,  dant  la  talle  det 

tSance*  plinUret. 

( With  Section  III,  in  Eatt  Conference 

Hall.) 

SAanoe  pl6ni6re. 
^General  Meeting  ) 


S^nce  pl^rii^re. 
(General  Meeting.) 

Stence  de  cI6ture. 
(Closing  Ceremony.) 


I     XIX.  D^p^ts  des  chemins  de  fer  6cono- 
miques. 
(Light  Railway  Shops.) 

{     XIX.  Depots  des  chemins  de  fer  6cono- 

]  miques. 

(  (Light  Railway  Shops.) 


XVIII.  Atfermago  de  I'exploitation  des 
chemins  de  fer  toonomiques. 
(Leasing.) 


XVIII.  AlTermage  de  rexploitation  des 
chemins  de  fer  ^conomiques. 
(Leasing.) 


XVII-B.  Facilit^s  A  accorder  aux  che- 
mins de  fer  a  faible  traHc. 
(Relaxation  of  requirements.) 
Avec  la  tection  J  F,  dant  la  talle  det 
fiancee  plini^et. 
[With  Section  IV,  in  East  Conference 
Halt.) 


XVII-B.  Facility s  &  accorder  aux  che- 
mins de  fer  k  faible  traflc. 
(Relaxation  of  requirements.) 
Avec  la  section  IV,  dint  la  talle  det 
tMncet  ptinieres. 
\  { With  SectionI  V,  in  East  Conference  Hall.) 
S^ncepidni^.'e. 
General  Meeting.) 


XVIII.  Aflermage  de  I'exploitation  des 
chemins  de  fer  ^conoiuiques. 

{Fin). 
(leasing.)  {End.) 


S^nce  pl^nit'Te. 
(General  Meeting.) 


XVII- A.  A flluentsde  transports. 

(Contributive  trains-.) 
Avec  la  tection  IV,  dant  la  talle  det 
stances  pUniiret. 
{{With  SectionI  V,  in  East  Conff^ence  Hall.) 


XX.  Freins  des  chemins  de  fer  doono- 
miques. 
(Brakes  for  Light  Railways.) 
Avec  la  tection  II,  dans  la  salle  »»•  S, 
{With  Section II,  in  Room  i>o.  S.) 


Stance  pl^niftre. 
(General  Meeting.) 


Stance  pl^ni^re. 
(General  Meeting ) 

Stance  de  cl6ture. 
(Closing  Ceremony.) 
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V 

Chaudi^ea,  foyers  ct  tubes  k  fUmte 
des  locomotives. 

Expose,  par  Mr.  Ed.  Sauvage. 

Ibit 

V 

Chaudi^ea,  foyers  et  tubes  h  tam^e 
des  locomotivea. 

Addenda,  par  le  mdme. 

8 

XX 

Freins  des  chemi  ns  de  fer  ^conomiques. 

Expose,  par  Mr.  Plocq. 
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•i 

III 

XIX 
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—       par  Mr.  A.  Zanotta. 

D^pdts  deschemins  de  fer  econoroiques. 

—       par  Mr.  Tcrai. 

^ 

XI 

Signaux 

1*  expose  ^pays  de  langue  non   anglaise), 
Mr.  Luciea  Motte. 

a 

XIII 

Orf:aaisation  des  services     .... 

1"  expose  (pays  de  langue  non    anglaise), 
Mr.  G.  Duca. 

7 

XV 

Cadran  de  vingt-qiuitre  heures.     .     . 

Expose,  par  Messrs.  Scolari  ct  Rocca. 

8 

11 

Points  sp^ciaux  de  la  voie  .... 

—        par  Mr.  Sabouret. 

9 

XVI 

Syst^me  decimal 

—        i)ar  Mr.  Wilkin?on. 

10 

•  *  • 

I/histoire,  I'organisation  el  les  rdsul- 
tals  du  Cong!  68   international  des 
ch-mins  de  fer. 

Note,  par  Mr.  A.  Duhoi.s. 

H 

xiir 

Ortianisation  des  services     .... 

2*  expos6  (pays  de  langue  anglaise),  par  Mr.  1 
Harrison. 

IS 

XVII-A 

Affluents  de  transports  et  chemins  de 
fer  h  faiblc  traflc. 

Expose,  par  Mr.  H.  Dc  Backer. 

IS 

X 

Man«euvres  de  garc 

i*  expos*  des  littdras  A  et  B,  (pays  de  langu< 
glaise),  par  Mr.  George  11.  Turner. 

u 

XI 

Signaux 

2"expoi6(paysde  langue  anglaise),  par  Mr.  Th 

son. 
1"  note  par  Mr.  Raynar  Wilson. 

■ 

i'  note  oar  rAdniinistratinn  des  chemins  d 
de  la  M*diterrant^e  illalie). 

lit 

MV 

K^glement  des  litiges 

Expos*,  par  Mr.  Louis  de  Perl. 

Note,  par  Mr.  Chas.  J.  Owens. 

lU 

XVIIl 

Affermnge  de  I'exploitalion   de^  che- 
mins de  fer  ^conomiques. 

Expos*,  par  Mr.  C  de  Burlet. 
Note,  par  Mr.  W.  M.  Acworth. 

17 

I 

Renforcement   del   voies   en    vue   de 
I'nagmentation   do    la    vitesse    des 
trains. 

<*  expos* 'pays  de  langue  anglaise),  p'  Mr.  W.  I 

1"  expos*  (pays  de  langue   non   anglaise) 
Mr.  W.  Ast. 

Addenda  an  2*  expos*  (pays  de  langue  angl 
parMr.  W.Hunt. 

N.  B.- 
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(mumber 
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TITRE  DE  LA  QUESTION. 

(TITLE  OF  THE  QUESTION.) 


DOCUMENTS. 


19 


n 


SI 


u 


17 


t9 


II 
It 


X 


IX 

IV 
X 

VII 
XVII-B 


VIII 


XII 


VI 
XI 


XVII-B 


u 

ft 

16 


Fommlaire  A. 

—  B. 

-  C. 


-  E, 

-  F. 

-  O. 


MaocBuvres  de  gare 


Aoc^6ratioa  da  transport  .des  mar- 
chandises. 

Construction  des  ponts  ro^talliques    ; 

Man<Buvre8  de  gare 


Voitures  des  trains  &  grande  vitesse. 

Facility  k  accorder  aux  cbemins  do 
fsr  a  faible  traflc. 


Traction  dleotrique 


Factage  et  camion nage 


Locomotives    des    trains    k    grande 
yitess 

Signaux 

Facilit^s  k  accorder  aux  chemlns  de 
fer  d  faible  traflc. 

ManoBuvres  de  gare    ....... 

Le  d^veloppement  des  chemins  de  fer 
dans  le  Dominion  du  Canada. 

I^s  bris  des  rails  d'acler 

L'entretien  oourant  des  traverses 
m^talliques  compart  &  celui  des 
traverses  en  bois. 

I^a  durto  des  traverses  en  bois  des 
diflT^rentes  essences  non  injectcies 
oil  inject^es  d'apr^s  les  divers  pro- 

lies  foj'ers  des  locomotives  .... 
Les  chaudidres  des  locomotives  .  . 
Le  graissage  des  v^hicules  .... 


ExpoflA  du  litt^ra  A  (pays  de  langue  non  angtaiae), 
par  Mr.  J.  de  Richter. 

1"  note  sur  le  litt^ra  A,  par  TAdministration  des 
chemins  de  fer  m^ridionaux  (n^seau  dc  TAdria- 
tlque. 

.  Expose,  par  Mr.  H.  Lambert. 

Expose,  par  Mr.  Max  Edler  von  Leber. 

1*'  exposd  du  littdra  B  (pays  de  langue  non  an- 
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Note,  par  I'honorable  Sir  Charles  Tupper. 

ExiK>s^,  par  Mr.  Bricka. 
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Expose,  par  Mr.  V.  Herzenstein. 


Expose,  par  Mr.  Hodeige. 
Expose,  par  Mr.  Belleroche. 
Expos6,  par  Mr. Hubert. 
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lir<\iking  (  f  sicel  rails.' 

Kf'nseignemenis     techniques 
sur  rentrelieu  couraiit  dos 
travrrses  metallique-s  cotn- 
pan-  acplui  des  liavors«*s  en 
hois. 

^Technical  inforniatiun  on  the 
current     cost     of    niotallif 
ompured  w.th  wooden  sh-e 
pers. 

En  ft'an9ai8  (In  Frenoh)  : 

Rapport,  par  .Mr.  Bricka 

Traduction  anplaise  non  encore  puhii(>e. 
(Enjrlish  translation  not  yet  ready  ) 

En  fV'an9alt  (in  Frenoh   : 

Rapport,  par  Mr.  Kowalski 

Traduction  anglaise  non  encore  public? 
(English  Iran-slution  not  yet  ready.) 

1895,  vol.  l\. 
pag.  58(). 

18ft-i.  vol.  IX. 
pag.  3169. 

31 
brun  (br 

32 

brun  (br 

M.  B.—  Le  nnmiretM*  d«*  tiris  k  part  fran^ale  et  oelui  iet  tir<e  k  part  anglate  tent  iiir<rentt. 
leenee  In  French  and  Englleh  ie  not  tht  same.) 
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J(NEXB 

Dftire. 

PPBMOIX 

the  list 
,oe»tioDS 
for 

CUMUOn.; 


TITRK   DE    LA    QUESTION 


f TITLE  OF  IHK  QUESTION.) 


DOCUMENTS. 


ANX^K    ET   I'AGI- 

du 
Bulletin 

(year  and   PAGi: 

of  the 
BuUetiii.) 


num6ro 

du 

tird  k  pait. 

■ 

(number 

of  the  separate 

issue.) 


Renseignemenls  techniques 
sur  la  <!ui^  des  travel  scs 
en  bets  des  dia<iirenles  es- 
sences noil  inject^es  ou  in- 
jet  t^es  d'apres  les  di%irs 
proc^d^s. 

(Technical  information  on  the 
life  of  wooden  slet-jiers  of 
different  kindp,  not  pickled 
or  pickled  accordinu:  to  va- 


noas  proceaaes 


•/ 


Renseignements  techniques 
sur  les  efsieux  coudc^s  des 
locomotives 

(Technical  information  on  lo- 
comotive crunk  axles.) 


Renseignements  techniques 
sur  les  foyers  des  locomo- 
tives. 

(Technical  information  on  lo- 
comotive Are  boxes.] 


RenseignementK  techniques 
sar  les  chaudi^res  des  loco- 
motives. 

(Technical  information  un  lo- 
comotive boilers.; 


Renseignements  trchnique>) 
sur  le  giaissage  des  vt^hi- 
cules. 

(Technical  Information  on  the 
lubrication  of  rolling  &to<  k.) 


Renseignements  tediniqucs 
sur  les  machines  dc  inu- 
noeuvres. 


(Technical    information 
shunting  engines.) 


on 


Renseignements  lechniqr.es 
sur  le  mouvement  du  \>oy- 
sonr.el  dans  les  ititToieiiis 
pays. 

(Technical  information  on  ih<' 
movement  of  the  ^tnfl*  in 
ditTerent  countries.' 


En  fran^ais  (In  French)  : 

Rapport,  par  Mr.  V.  Herzenstein  .     . 
Traduction  anglai.se  non  encore  publico. 
(English  translation  not  yet  ready.) 


En  fTanfals  (In  Frasol^  : 

Les  rcnseigncmer  ts  recueiltis  (iiant  tr^s  in- 
compiets,  eelte  question  n'a  pas  (it^  trailee. 

(As  the  information  collected  on  this  question 
was  very  incomplete,  it  was  not  dealt 
with.) 


En  fran^als  (in  Frsnoh;  : 

Rapport,  par  Mr.  Hodeige 

Traduction  anRlaise  non  encore  public. 
(English  translation  not  yet  ready.) 


En  fran9als  (In  Franoh)  : 

Rapport,  par  Mr.  Bclleroche 

Traduction  angluise  non  encore  pabli6e 
(English  translation  not  yet  ready.) 

En  franfalfl  (In  Frsnoh)  : 

Rapport,  par  Mr.  Uubcrt 

Traduction  an^^luise  non  encore  publidc. 
;Enf?lish  translation  not  yet  ready.) 


En  franfais  ;ln  French)  : 

Les  renseignements  recueillis  ^tant  tr^  in- 
coinplcls,  cotte  question  n'a  pas  6i^  trait^e. 

;As  the  information  collected  on  this  question 
'  was  very  incomplete,  it  was  not  dea  l  with.) 


En  franfale  (In  Frcndi)  : 

Les  renseignements  recueillis  <Stant  tr^s  in- 
complets,  cettc  question  n'a  pas  ^16  trail<^e. 

^As  the  information  collected  on  this  question 
was  very  incomplete,  it  was  not  dealt  with.) 


1895.  vol  I\. 
pag.  tmK 


brun  (brown\ 


189.\  vol.  IX, 
p.  2W7. 


1895.  vol.  IX. 
p.  3077. 


1896,  vol.  IX, 
p.  2793. 


34 

brun  (brown) 


35 
brun(ljrown; 


36 
brun  (brown,. 


L  —  U  nraiAroUte  rce  tirie  h  part  fran^ait  et  celui  dee  tir<e  h  part  anoiaie  eont  dilTirente.    (The  nnmberino  of  the  eeparate 
I  in  FnMk  tu4  EnfUih  le  not  the  tame.) 


QUESTIONS 

^OUMiSES  AUX  DISCUSSIONS  DE  LA  5*  SESSION. 


l*^*  SECTION.  —  VOIES  ET  TRAVAUX. 

I. —  ReNFORCEMENT  DES  VOIES  EN  VOE  DE  i/aLC- 
MENT.VTION  DE  L\  VITESSE  DES  TRAINS. 

Module  de  voie  a  adopter  pour  les  lignes  par- 
courues  par  des  trains  de  grande  vitesse.  Renfor- 
cement  graduel  de  la  resistance  des  voies  exis- 
iantes,  de  mani^re  k  permettre  Taugmentation  de 
la  Vitesse  des  trains : 

A,  Profil  du  rail.  Determination  des  efforts 
<lynamiques  support^s.  R^sultats  d'exp^riences. 

B,  Conditions  de  fabrication  et  nature  du  m^- 
tal  des  rails.  Comparaison  de  lacier  mou  avec 
lacier  dur.  Acier  produit  :  par  le  proc^de  acide 
^u  convertisseur  Bessemer ;  par  le  proc^dd  basique 
au  convertisseur;  par  Tun  ou  I'autie  procide  au 
four  Martin. 

C,  Liaisons  des  rails .  Fatigue  support^e  par 
Ics  edissages.  Construction  du  joint  qui  assure 
le  mieux  la  resistance  uniforme  de  la  voie  dans 
toutei  ses  parties  :  rails  u  coussinets  et  rails 
Vignoles. 

D,  Traverses  :  quality,  dimensions,  ccarte- 
ment. 

E,  Ballast :  nature,  conditions  d'etablissement. 

Rapporteurs,  pour  Ics  pays  dc  langue 
lion  anglaisCy  Mr.  Ast  (W.),  consciller  dc 
n'igence,  dirccleur  des  voies  el  Iravaiix  du 
<'licinin  tie  fer  du  Nord-Kmpereur  Ferdinand 
d'Aulrlrlie,  a  Yienne,  el 

Pour  Ics  pays  dc  langue  anglaisc,  Mr. 
Ili^i,  ingenieur  dc  la  voie  clu  Lancashire 
and  Yorkshire  Kail  way,  a  Manchester. 


QUESTIONS 


FOR     DISCUSSION     AT    THE     FIFTH     SESS 


I»*  SECTION.  —  WAY  AND  WORKJ 
I.   —  Strkngthemnu  of  Permanent  in  ' 

OF  THE  InCREASEU  SpEED  OF  T RAINS. 

Type  of  permanent  way  suited  for  lines  tr 
sed  by  trains  a  t  high  speed .  Gradual  streng 
ing  of  existing  roads  so  as  to  permit  o 
increase  in  the  speed  of  trains  : 

A  .  Section  of  rail .  Calculation  of  the  st 
imposed  by  the  rolUng  load.  Results  of  ex 
ments. 

B.  Mode  of  manufacture  and  nature  of 
metal.  Comparison  of  soft  with  hard  s 
Steel  produced  :  (1)  by  the  acid  process  ii 
Bessemer  converter;  (2)  by  the  basic  proce 
the  converter ;  (3)  by  either  process  in  the  M 
furnace. 

C.  Rail  connections.    Fatigue  of  fish  pi 
Construction  of  joint  best  calculated  to  s< 
uniform  strength  of  the  road  throughout, 
laid  in  chairs,  and  Vignoles  rails. 

D.  Sleepers,  their  quality,  dimensions; 
distance  apart. 

E.  Ballast,  the  various  descriptions  and 
thods  of  laying. 

Reporters,  for  non  English  spca 
countries,  Mr.  Ast  (VV.),  Chief  Engii 
Kaiser  Ferdinand's  Nordbahn  of  Aus 
Vienna, 

For  English  speaking  countries, 
IliM,  Chief  Engineer,  Lancashire  and  } 
shire  Railway,  Manchester. 
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n.  —  POISTS  SP^CIAUX  DE  LA  VOIK. 

Mojrensa  employer  pour  supprimer  le  raleii- 
lissemeDt  des  trains  rapides  et  dviter  les  chocs  nu 
passage  des  points  sp^iaux  de  la  voie  (courbes 
da  faible  rayon,  pentes  de  grande  longueur, 
aiguilles  abordtes  par  la  pointe,  traversdes,  passa- 
ges a  aireau,  ponts  tournants,  etc.). 

Rapporteur  :  Mr.  Saboiret,  ingenieur 
iles  ponts  et  chauss<^es,  ingenieur  principal 
ilu  service  central  de  la  voie  au  clicmin  de 
fer  de  Paris  a  Orl^ns,  a  Paris. 

III.  —  BiFUKCATIONS. 

Gooditiooa  les  plus  iavorables  de  construction 
des  bifurcations  sur  les  voies  de^  trains  rapides 
eo  Toe  d'^iter  absolument  les  ralentissements . 
Meiileores  dispositions  a  adopter  pour  les  ai- 
guiles  et  les  traverse.  Moyens  les  plus  efficaces 
de  mainteoir  la  vitesse  des  trains  en  supprimant 
la  sarftliration  dans  les  courbes  des  bifurcations. 

Rapporteur  :  Mr.  Zanotta  (A.),  ingenieur, 
chef  de  section  au  service  de  I'entretien, 
surveillance  et  travaux  dii  chemin  de  fer 
de  la  Mediterranec  (Italic),  a  Milan. 

IV.  —  (k)NSTRL'CT10N  ET  l%PREl'VES  DES  POSTS 
MI^TAM.IQUES. 

^.  Qaelies  sont  les  quantit^s  de  m^tal  mises 
^^  amettre  en  obuvre  dans  les  ponts  de  chemins 
^  ^  en  tenant  comple  des  prescriptions  en 
^"SMirdans  les  diffftrents  pays? 

^.  Qaelies  sont.  la  nature  et  la  valeur  des 
P^^ocMfe  des  difliirentes  Administrations  de  die- 
"^ioade  fer  pour  les  ^preuves  initiates  et  pour  les 
^PRites  p^riodiques  des  ponts  m^talliques? 

Quelle  est  Timportance  r^lle  que  Ton  doit 
^ilrilRjer  4  ces  ^preuves,  et  peut-on  les  regarder 
^^^one  an  moyen  experimental  pour  ^tablir  les 
^^^tioDs  eiE»ctifes  de  soliditd  et  le  degr^  de 
^^^  des  constructions  susdites? 

Rapporteur :  Max  Edler  von  Leber,  in- 
^fccteur  en  chef  du  corps  I.  R.  de  la  sur- 
veillance g^n^rale  des  chemins  de  fer  de 
*  Aatriehc,  au  ministere  du  commerce,  a 
Vienne. 


II.  —  Places  in  Permanent  Way  reqi  irin(; 

SPECIAL  attention. 

Means  to  avoid  the  necessity  of  expresses 
slackening  speed,  and  to  prevent  shocks  in  passing 
special  points,  such  as  sharp  curves,  long^  and 
sleep  gradients,  facing  points,  rail-crossings, 
road-crossings,  swing  bridges,  Ac. 

Reporter,  Mr.  S\boi  ret,  Principal  Engi- 
neer, Orleans  |{nil\>ay,  Paris. 


III.  —  JlNCTIONS. 

Best  method  of  constructing  junctions  upon 
express  lines  so  as  absolutely  to  avoid  slackening 
speed. 

Best  arrangements  of  points  and  crossings. 

The  most  efficacious  means  of  maintaining  the 
speed  of  trains  while  abandoning  super-elevation 
at  junction-curves . 

Reporter,  Mr.  Zanotta  (A.),  Divisional 
Engineer,  Mediterranean  Railway  of  Italy, 
Milan. 


IV.  —  Constriction  and  Tests  of  Metm.i.ic 

BnnicEs. 

A.  What  are  the  quantities  of  metal  used  and 
required  to  be  used  in  railway  bridges,  according 
to  the  regulations  in  force  in  different  countries? 

B.  What  are  the  nature  and  value  of  the 
methods  adopted  by  the  different  railway  adminis- 
trations for  the  original  and  the  subsequent 
periodical  testing  of  metal  bridges? 

C.  What  is  the  real  value  of  these  tests,  and  can 
they  be  regarded  as  practical  means  of  settling 
the  actual  state  of  repair  and  the  margin  of  safety 
of  the  above-mentioned  structures  ? 

Reporter,  Max  Edler  von  Leber,  Principal 
Inspector  of  the  llaihvay  Control  Depart- 
ment of  Austria,  Ministry'  of  Commerce, 
Vienna. 
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t  v>      '^CSSTk'NS  SuL'UlSES  AUX  DISCUSSIONS  OE  LA  C1NQU]£:UB  SESSION'. 


rRV«rUt.\  KT  MATERIEL. 


2»-  SECTION.  — LOCOMOTIVES 
AND  ItOLLlNG  STOCK. 


-  DOIIRHS,    FIRE.ROS.F 


t  ivodilit 


neier.  EObrUsup- 
s  de  reception  des 


»,   fufr*s»liuww*ii  fcr,  Moy«ns  d"4viter  les 

'>.»»»-«t«*ys'i*ii  tutu;4in'>. 

C  JMmm  bimmM*  »n-r\w  par  les  eaui  d'ali- 
«^M»f«  Mt  W  v-tuitdi«r«a  at  lea  tub«B.  S;a- 


isivlntirtiH  ta  production 


K<jML-lal^  *»•*•  p«r  Ut  lubes  suiYant  leur 
^stawKnN '«.>ii  K'-^ntut.  kiirsjslime.leurdispiv 
Miisw  Jrtsa  U  .-IwwitiW*  •!  If  iu*UI  dont  iU  sent 

K^uit  >»r  Hurtuwn-*  du  volume  de  la  boile  & 
i««»(v  *»  vt»#  JiJfewilTs  fc'r»i*8  de«  cheinin4e»  el 

».\^,  «*r  !*• .!"««  »*»t*m»s  dfe-liappcraeiil; 

|(Mj.j»"*.*.  Mr.  Sm>w.»,  iun:«-nlciir  €n 
vh^'l  %fc,'v  ««iw«,  iiijiviiii'iir  I'll  ilu'f  adjoint 
.t«  ttMK*^"> .» '»«■  I"  tii.vli«ii tt-s tli-'iniiis  lie 
K'(  ,W  I  tN»  tt-at^-oixx  tt  Vnris. 


'  r'' 


W.tlMS    MS    THVINS 

\K)<rur  lo  plus  favortbia  oui 
I  IMVMitMis  <-l  appli'-alion  du 
K'liiuiii^  tl  liroirs  *quili- 


\v*v,  .i«»-."W    I*  i:n>i"l^m-  t\t*  efforts  djni- 
IV  .t>^'  «"v.  ,if  U>li.|«.«ili>'"«\nn|'"Uiid. 

,l„\  .W  U  iwK.'u  -I"   l.»i"-iisl.in'  «n<l 
\,«  t,yh»v  »Ua«  «* .  *  H«r«  WK  l.ntx-nshire. 


J.  Steel  boiler*  and  flr«-boiea.  Strain  to 
which  they  are  aubjeeted  in  uu,  aud  condilioot 
on  which  tbe  platea  are  aoeapted . 

B.  Iron  tubaa.  Ifeau  (JpreFcnting  laakage 
at  the  tube  plate*. 

C.  iDJuriouB  eSect  of  tbe  feed  water  on  the 
hoiters  and  tubet.  Sjctema  of  purifying. 

O.  Synopsis  oreiparimentiaa  to  Ibeproduc 
tion  of  slesm,  vii.  :  — 

Results  obtained  with  tabes  according  to  their 
diameter,  length,  ayatem,  arrangement  in  the 
boiler,  Bod  the  metal  of  which  Uia}  an  made. 

Biperiments  as  lo  (he  iafluaoca  oflbe  capacity 

of  tlie  smoke-boi.  and  the  different  rormi  ofchini- 

Ei  peri  men  ts  with  tbe  various  Ibrms  of  blast- 
pipe 

Eiperinienls  as  to  the  elftcta  of  speed  on  the 
production  of  steam . 

Reporter,  Mr.  Siuvaue,  A.tsislant  Loco- 
motive  Engineer,  Enstern  Itnilnny  of 
Trance,  Paris. 


'  ExPHERN  Locomotives. 


Type  of  engine  most  suitable  for  high  apeedt. 

The  use  of  high  pressure,  and  application  of 
the  compound  principle. 

fmprovemenis  in  distribution  and  balanced 
slide' valves , 

Kngine  building  r^arded  from  the  point  of 
view  (if  diminisbiiig  the  strains  of  the  permanent 
way .  Tlie  effect  from  this  latter  point  of  view 
of  llie  compound  principle. 

RejiortiT,  Mr.  Asi-ikall, Chief  Mecbmucal 
Engineer,  Lancashire  and  Yorkshire  Rail- 
nnv.  Iloruit'h,  Lnncashire. 
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VII.     —     VOITIRES    ntS    TRAINS 
A    <;RANnK    VITESSK. 

(2*  ct  S^  sections  reunies.) 

Tvpe  de  voilures  pour  les  trains  a  graude 
TJtesse  el  pour  les  trains  a  long  pareours .  Train 
flexible  ei  cootinu.  Perfectionnements  npport^s 
ittx  dispositions  int^rieures.  Divers  modes  de 
chauflage  et  d*telairage. 

Rapporteur  :  Mr.  Park,  chef  du  service 
des  voilures  du  London  and  North  Western 
lUihvav,  a  Wolverlon. 

VIII.  —  Traction  tLECTRiym:. 

£tude  giu^rale  de  la  traction  eiectrique. 

Rapporteur :  Mr.  Ai  vkrt,  ingenieur  alla- 
clie  au  service  central  du  materiel  du  chc- 
min  de  fer  de  Paris-Lyon-Mediterranee, 
a  Paris. 


VII.  —  HOI.LING  STOCK  FOR  KxPRKSS  Tr\I>S. 

(2nd  and  ijrd  Sections  combined ) 

Type  of  rolling  stork  for  express  trains,  and 
long  journeys.  Vestibule  trains.  Improvements 
in  internal  arrangements.  Various  modes  of 
heating  and  lighting. 

Reporter^  Mr.  Park,  Carriage  Superin- 
tendent, London  and  North  Western  llail- 
wav,  Wolverton. 

VIII. —  Elkctric  Traction. 

The  general  question  of  electric  traction  . 

Reporter^  Mr.  Aivert,  Engineer  in  the 
llolling  Stock  Department  of  the  Paris  and 
Lyons  Railway,  Paris. 


o*^  SECTION.  -  EXPLOITATION. 


5'^  SECTION.  —  TUAEFIC 


IX     ~    AcCtl.KRAllON     btS    TRVNSrORTS 
I>E    MARCIIANUISES. 

(2^  et  3^  sections  reunies.) 

Inflaence  de  la  vitesse  des  transports  sur  les 
depenses  de  traction  et  Tutilisation  du  materiel, 
d*ane  part,  sur  reflfectif  du  materiel  et  le  d^ve- 
ioppement  des  installations  fixes,  d'autre  part. 

Rapporteur  :  Mr.  La-MBkrt,  direclour 
general  du  Great  Western  Railway,  Pad- 
dhigton,  Londres,  W. 

X.  —  MaNO»:L  VRES   DE   <,ARE. 

A.  Moyens  d'acc^l^rer  les  manoeuvres  de  gare 
dies  maDtttentions  des  marchandises.  Disposi- 
tions des  gares  de  formation . 

Rapporteurs  pour  les  pays  de  langue 


IX.  —  Acceleration  of  Transi»ort 

OF   MERCHANDISE. 

^2'^'^  and  3''^  Sections   combined.) 

Influence  of  speed  upon  of  the  expenses  of 
haulage,  and  the  utilisation  of  rolling  stock,  on 
the  one  hand,  and  on  the  other  hand,  upon  the 
number  of  vehicles  and  the  amount  of  accommo- 
dation and  plant  required. 

Reporter,  Mr.  Lambert,  General  Mana- 
ger, Great  Western  Railway,  Paddington, 
London,  W. 

X   —  Station  Woukim;. 

A .  Methods  of  accelerating  the  shunting  of 
trucks  and  handling  of  merchandise.  Arrange- 
ment of  sorting  sidings. 

Reporters  for  non  English  speaking 
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lion  anglaiic,  Mr.  UiciirKti(J.j,  mljuiiil  ilu 
ilirecteiir  de  la  lignc  dt  Sahtl-Pclci'sbotir^ 
ii  Viirsovie  des  chemins  He  fer  <le  VtAal 
riissG   a  Suinl-Pelersboiirg,  et 

Pour  hs  poi/»  de  langite  anglaue, 
»r.  Tinncii,  direclciir  geniSral  du  Midland 
Ilidlwiiy,  a  I)er1i\. 


in6cuiiiques   el  elec 
dc  garc , 


B.  Emplui 
IriqUBB  pour  a 
cliuiuliws  et  le 


Rapi>orli-urt  pour  lei  payt  de  langiie 
non  anglahc,  Mr.  Sahtiiux.  (Eug.},  chcrdes 
services  lilectriques  du  nhemin  de  [er  du 
Kcird,  u  I'uriii,  ct  Mr.  von  Kuht.ra^  (A.), 
iiigi^niciir  au  chcmiu  de  fer  du  Nord-Empe- 
reur  Ferdiniiiid  il'Autrlche,  a  Vienne; 

Pour  h*  pnyi  de  langite  aitglaue. 
Mr.  TuaNKN,  dircrlvur  gvncrul  du  Midlunil 
Hallway,  u  Doi'by. 


XI.    —    SHiNAtX, 

PerTeclionoemeiitE  receiita  duns  lea  apparetis  de 
block-Sfiitem  et  d'interlocking-sjrslem,  iiotam. 
menl  au  poial  de  vue  de  l'6conomie  des  iimlall;!- 

Signaux  dans  lea  (unnels. 

Mo^eiis  a  cmplojer  pour  £viter  \es  coDisioua 
aux  points  darigereui  des  lignea  mpides  eii  cas  de 
francliisiieiilent  des  signaui  i  I'lirrdl. 

Remplacemenl  da  langage  des  (ouleura  par 
celui  des  formes  g^uiilriques  an  vue  d'avil«r  les 
dangern  provenaiil  du  daltoiiisnie  ou  du  d^faul 
d'acuil^  visuelle. 

Rapportcurx  pour  Ics  pay*  de  tan<iitc 
non  anijlaitc,  Mr.  Muttk  (Ll^(;lF.^),  ingi- 
Dieur  Biljoiiil  au  dief  de  service  des  voies 
et  travaux  du  dicmin  dc  fer  de  I'Stal 
beige,  u  Namur,  et 

Pour  Ui  pays  de  lamjiie  aniilaUi; 
Mr.  Thohpsok,  elier  du  scrvict'  des  signnux 
du  Lundoti  uiid  Nurlli  Wusti'i-ii  ll;iiKv!iy> 


countries,  Mr.  iliciiitHiJ.).  AssiBlanlSuiier- 
inteudcnl  or  (lie  Stole  Itnilway  from  Sl.t'c' 
Icrsburg  to  Warsaw,  St.  Petersburg  ; 

For  English  xpeakingcottnlriet.Mr.l'iK- 
\v.u.  (IcnernI  Manager.  Midland  ItuiUiiy. 
Iierby. 

O.  Emplujiaeat  of  neclinDical  aad  electrical 

appliances  in  shunting  and  mnrshalliug. 

Reporleri  for  non  English  ipeakiug 
coiinlries.  Mr.  Kitityr.  S\rti\i  x,  Electrical 
Engineer  of  tile  Northern  or  Erunce  ItaJl- 
way,  Paris,  and  Mr.  von  Uoscmak  |A.), 
Engineer,  Kaiser  Ecrdluand's  Nordbahn, 
Vienna ; 

ForEnglUlispeakiitgcounlriet.Mr  Tia- 
NKii,  (Jencrid  Munaget*,  Midland  llullwav, 
llerby. 


Lerlockiiig     I 


Recent  improvements  in  block  and  interlocking 
apparaius,  cliiefly  from  the  point  of  view  of 
economy  in  initial  outlay. 

Signals  in   tunnels. 

Methods  of  preventing  collisions  at  points  ol 
danger  on  express  lines,  in  case  of  over'niniiing 
stop  signals. 

Replacameal  of  colour  signals  by  geometric 
form  signals,  in  order  Ui  avoid  the  dangen 
.-irising  rr'om  colour-bliiidnoss  or  defectivB  vision. 


Reporters  (or  non  Engtish  tpcakiiig 
counlrivs,  Mr.  Miittk  (LutiiiN).  Eiigiuocr, 
Belgian  Slate  Railway,  Namur; 


Eiiijlisli      speakiiii)     roiintrici. 

lu.Mi-MiN,     Signal      Superinlemlenl, 

and     Nurlli     Wi'Sk-rii     ltnil»ni. 
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HO 


.  —  FACTA(;e   ET   CAMIONNAGE. 


Oi^nisation  du  service  de  faclage  et  de  camioii- 
tAgpe  pour  la  remise  et  la  prise  a  domicile  dcs 
nAVchandises  a  ezp^dier  parchemin  de  I'er. 

JRapporteur :  Mr.  Twelvetrkks,  dircclcur 
tM  service  dt*s  marchnndises  du  Greal 
i^^vthern    Rail  way,    King*s    Cross,    Lou- 

s,  N. 


*•  SECTION.    —    ORDRE    GENERAL 


Xni.  —  Organisation  des  services. 

Orgaoisation  des  services  d'administration  cen- 
mk  e(  des  services  ezt^rieurs  sur  les  divers 
rfseaux  des  difliftrenis  pays. 

Rapporteurs  pour  les  pays  de  lanf/uc 
non  amjlaise,  Mr.  Dlca,  fllrecteiir  gene- 
ral des  chcmins  de  fer  de  TEtal  roumain, 
professeur  a  Tecole  des  pontset  chaiissees, 
ii  Bucharest,  et 

Pour  les  pays  de  lamjue  an(/laise, 
Mr.  Harrison,  direclcur  general  du  London 
Mid  North  Western  Railway,  Euslon,  Lon- 
drw.  N.  W. 

XIV.  —   RfeGI.EIIENT    DES    LITI(;i:S. 

R^ement  des  litiges  qui  se  produiseiit  entre 
la  Adjnioistraiions  des  chemins  de  fer  a  Tuccu- 
«ioii  da  trnnsport  des  marcbandises. 

Rapporteur  :  Mr.  de  Peri.,  conseiller 
d'Etat,  dirccteur  gerant  de  TUnion  russe 
pour  les  relations  internationales  des  che- 
mins de  fer,  a  Saint-Petersbourg. 

XV.  —  CaDRAN  de  VINGT-Ql  ATHE  IIEl  RES. 

(3*  et  4^  sections  reunies.) 

Introduction  dans  les  horaires  de  la  num^ra- 
tMD  continue  des  heures  de  1  &  24  et  de  la  divi- 
sion de  i'heure  en  100  grades,  ^tat  de  la  queslion. 
Applieatiotts  partielles  dans  les  differenls  pays. 


XII.   —  CVRTAGE  AM)  DELIVERY. 

Organisation  for  the  collection  and  delivery  of 
goods  and  parcels  consigned  by  railway. 

Reporter,  Mr.  Twei.vetrees,  CJiief  Goods 
Manager,  Great  Northern  Railway,  King's 
Cross,  London,  N. 


ith  SECTION.  —  GENERAL. 


XIII 


Organisation 


Organisation  of  the  central  administration,  and 
outdoor  staff  on  the  various  systems  of  different 
countries. 

Reporters  for  non  English  speaking 
countries,  Mr.  DrcA,  General  Manager,  Rou- 
manian State  Railways,  professor  at  the 
Ecoie  des  ponts  et  chau.ssees,  Bucharest; 

For  English  speaking  countries, 
Mr.  Harrison,  General  Manager,  London 
and  North  Western  Railway,  Euston,  Lon- 
don, N.  W. ' 

XIV.  —  Settlement  of  Hisim  tes. 

Rules  for  settlement  of  differences  ari.sing  be- 
tween Railways  with  respect  to  goods  traffic. 

Reporter,  Mr.  de  Perl,  Privy  (counsellor, 
Chief  of  the  Foreign  TralHc  Department, 
Russian  Railway  Union,  St.  Petersburg. 


XV.  —  The  Twenty-kour  iioirs  I)a\. 
(S*"^  and  4^^  Sections  combined.) 

Introduction  in  the  time-tables  of  continuous 
reckoning  from  1  to  24  hours,  and  of  the  division 
of  the  hour  into  100  parts.  Present  state  of  the 
question.    Partial  adoption  in  different  countries. 
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Avantages  pour  le  public  et  pour  le  service.  La 
modification  des  cadrans  des  horloges  serai t-elle 
ndcessaire,  et  dans  raffirmative  comment  devrait- 
eile  se  faire  ? 

Rapporteurs  :  Messrs,  Scolvri  (L^om), 
doeteiir  en  droit,  inspeclcur  principal  de 
la  direelion  generate  des  ehemins  de  fer  de 
la  Mediterranee  (llalie),  et  Rocca  (Joseph), 
ingenieiir,  inspecteur  de  la  direction  gener 
rale  dii  nicnie  chemin  de  fer,  a  Milan. 

XVI.  —  SySTKME   Dl^CINAL. 

7'*''  cl  -J*-'  sections  reunies.) 

Generalisation  de  I'adoption  du  syst^me  decimal 
dans  les  calculs  relatifs  aux  constructions  et  a 
Tezploitation  des  ehemins  de  fer. 

Moyens  de  favoriser  I'introduction  du  syst^me 
mdtrique  des  poids  et  mesures  dans  les  pays  ou 
il  n'est  pas  en  usage. 

Rapporteur :  Mr. WiLKiysos,  direcleur  du 
service  des  marchandises  dii  Great  Western 
Railway,  Paddington,  Londres,  \V. 


iy-  SKilTION. 
CNtMLNS  DE  FER  ECONOMIQUES 


Advantages  to  the  public,  and  to  ttie  railway 
service .  Would  the  alteration  of  existing  clodu 
be  necessary,  and  if  so,  how  coold  it  best  be 
accomplished  ? 

Reporters,  Messrs.  Scolari  (L^on),  Chief 
Inspector  of  the  Mediterranean  Railway  of 
Italy,  and  Rocca  (Joseph),  Engineer  and 
Inspector  of  this  Railway,  Milan. 


XVI.  —  Dkcimal  System. 
/^y«'  and  4^^  Sections  combined.) 

General  adoption  of  the  decimal  system  in  cal- 
culations relating  to  the  construction  and  working 
of  railways. 

Method  of  facilitating  the  introduction  of  the 
metric  system  of  weights  and  measures  in  those 
countries  where  it  is  not  already  in  use. 

Reporter,  Mr.  Wilkinson,  Chief  Goods 
Manager,  Great  Western  Railway,  Padding- 
ton, London,  W. 


oih  SECTION.  -  LIGHT  RAILWAYS 


XVII    —  Affli'knts  he  transpokts  et  ciie- 

MINS    DE    EER  A    FAIIU.E  TRAEK:.   [4^  Ct  r)^  SCC- 

tions  ramies.) 


A.  ehemins  de  fer  economiques  affluents. 
Moyens  employes  par  les  Administrations  des 
gra:idcs  llgnes  pour  faciliter  I'^tablissement  ou 
1' exploitation  des  ehemins  de  fer  ^onomiques 
affluents. 

Rapporteur  :  .Mr  De  Backer  H),  direc- 
teiir  general  de  la  Sociele  generale  de  ehe- 
mins de  fer  ecunomi(|iies  de  Relgicjiie,  a 
Rnixellos. 

D.  Facilites  a  accorder  aux  ehemins  de  fer 
a  faible   trafic.    Facilites   qui    pourraient   6tre 


XVII.  —  CoMRiBUTivE  Traffic  AND  RtLAx- 

ATIO.N    OF    ?iORNAL    REQUIREMENTS   FOR    LiGIIT 

Railways.  [4^*^  and  5^^  Sections  combi- 
tied  ] 

A.  Light  feeder  lines.  Method  adopted  by 
the  great  Railways  to  encourage  the  building  or 
working  of  light  feeder  lines. 


Reporter,  Mr.  De  Backer,  General  Mana- 
ger of  the  Belgian  General  Eeonomic  Rail- 
wav  Society,  Brussels. 


B.  Relaxation  of  normal  requirements  fdr 
light  railways.     In  the  case  of  light  railways 
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aeoonte  par  les  auk>rit^  gouvernementales 
poor  fa?oriser  r^tabiissement  ei  Texploitation 
des  chemins  de  fer  a  faible  trafic,  sans  qu'il  en 
rnalte  d*incon?dnient  au  point  de  vue  de  la  s^cu- 

Rapporteurs  :  Messrs.  A.  C.  Hi'MPHrrys- 
OwF.N,  membre  du  Parlemeiit  angluis,  pre- 
sident dii  (^onseil  du  comte  de  Montgo 
inenshire,  administrateur  des  Cambrians 
Itailways,  ei  P  \V.  Meik,  membre  de  Tln- 
slllut  des  ingenieiirs  civils,  Londres. 


what  relaxation  can  be  made  by  the  Government 
in  its  normal  requirements  for  construction  and 
working  without  risking  the  public  safely  ? 


Reporters,  Mr.  Humnirf.y.s  Owkn,  M.  P., 
Chairman  of  the  Montgomeryshire  County 
Council,  Direelor  of  the  Cambrian  Uail- 
ways,  and  Mr.  P.  \V.  Mkik,  M.  Inst  C.  E., 
Condon. 


XVIII.  —  Afferm.vge  de  l'exploitation 

DES  CHEMINS  DE  FER   J^CONOMIQUKS. 


XVIII.  —  The  Workim;  of  Li(;iit  ItAn.wvvs 
BY  Leasing  Companies. 


Qaels  sent  les  pays  ou  Taffermage  a  ^td  appli- 
qu^f  Quelles  sent  les  conditions  auxquelles  il  a 
^Ik  accord^,  et  quels  sent  les  rteuitats  utiles  que 
Ton  en  a  retirto  f 

Rapporteur :  Mr.  de  Buri.et,  directeur 
general  de  la  Societe  nationale  beige  des 
rhemins  de   fer  vicinaux,  a  Bruxelles 


In  what  countries  has  the  system  of  leasing 
light  railways  been  adopted  t  On  what  terms 
are  such  leases  granted  and  with  what  practical 
results  ? 

Reporter,  Mr.  de  Burlet,  General  Mana- 
ger of  the  Belgian  National  Light  Bailway 
Society,  Brussels. 


—    Df^p^TS  des  chemins  de  ker 

I^XONONlOt'ES. 


Fani-il  placer  le  d^p6t  principal  nu  milieu 
oa  k  rune  des  extr^mitds  de  la  ligne? 

Rapporteur  :  Mr.  Terzi,  directeur  du 
cheinin  de  fer  de  Suzzara-Ferrara,  li  Ser- 
mide  fllaliei. 


.  —  Light  Baii.way  Shops. 


Should  the  principal  shops  be  in  the  middle  or 
at  one  end  of  the  line  ? 

Reporter,  .Mr.  Terzi,  Manager  of  the 
Railway  from  Suzzara-Ferrara  to  Sermide, 
Italy. 


—    FrEINS    DES    CHEMINS    DE    FER 
I^CONOMIUt'ES. 

(2^  et  'V*'  sections  reunies  ; 


Atn&e  des  divers  syst^mes  de  freins  appliques 
aux  chemins  de  fer  teonomiques.  Conditions 
techniques  et  conditions  de  s^curit^. 

Rapporteur :  Mr.  Pi.oco,  ingenieur,  chef 
«le  rexploitation  de  la  Society  generate  des 
cbeinins  de  fer  economiques,  a  Arras, 
France. 


.  —  Br\kes  for  Light  Railways. 


■i'^^  and ;?''  See t ions  combined,) 

Account  of  the  different  kind  of  brakes  in  use 
on  light  railways.  Their  respective  advantages 
both  from  the  technical  and  from  the  public 
safety  point  of  view. 

Reporter,  Mr.  Pi.ocq,  Superintendent  of 
the  General  Light  Baihvay  Society,  Arras, 
France. 


lEiS     QUESTIONS  S')UM1SES  AUX  DISCUSSIONS  DE  LA  CINQUISME  SESSION. 


ANIVEX.!!. 


APPEIWOIX. 


RENSEIGNEMENTS    TECHNIQUES 

a  recueillir  conforminient  aux  formulaires 

adopl6s  par  le  Congrhs  sur : 

A .  Lis  hhis  bes  rails  d'acibr,  par  Mr.  Rhicka, 
in^nieur  en  chef  de  la  vcie  et  des  bAliments  des 
cliemjiis  de  fer  Ae  I'iStal  fraiipals,  prDfeaieur  du 
iiours  de  chemins  de  fer  ii  l'6cole  dea  ponls  ot 
obaus»Aes,  d  Paris. 

B.  L'BNTRBTIEN  COURANT  DBS  TRAVERSEa  UK- 
TA1.1.10UK3    COHPAIlS    A    CS.LUI    DBS     TRAVBBSRS    BN 

norn,  pnr  Mr.  KowAi.ski,  ingenieur  cii  chef  du 
seriire  cenlral  de  I'eiploilation  du  chemin  de  fer 
de  BftiicGueliuu,   ii  Paris. 

HENTES      BSSENKES   NQ.N     INJECTfiES   OU     INJBCTiKa 

u'apbSs  lhb  nivKsa  pboceuSb,  p»r  Mr,  V.  IIeh- 
ZRNSTKIN,  inginieur  des  voJes  de  cam  muni  cat  ion 
de  Russie,  tice-pr£sident  de  la  Coinniission  pour 
I'fttude  de  la  conservation  des  liois,  li  Saint- 
PSterabourp, 

D.  Lbs  kssibui  ibvoSs  bib  i.ocoboiih9  ('), 
par  Mr.  llouEir.K,  ingdnieur  principal  au chemin 
de  fer  de  I'glat  beige,  ii  Bruielles. 

£  Le3  PoyKHs  Biii  i.or:oNOTiTEit,  par  Mr.  Hf- 
DEIGE,  prteili. 

F.       LE3     CBAUDliBES      DBS      I.OCKHOTIVEB.      par 

Mr.  Bkllishoche,  ingdnieur' chef  de  service  su 
cbetnin  de  fer  Orand  Central  Beige,  a  Bruiellee. 
Q.  Le  oBAissAab  des  vbricules,  par  Mr.  !)[:- 
UKHT,  iiigiiiieur  en  chef,  directeur  d'administra- 
tion  AU  clismin  deferde  I'^lat  betge,^  Bruielles. 

a.    LR9    UACHINM  DB  BANIKUVBBS  ('),  par  Mr. 

liDBeu^e,  pr*cit*. 

/.  Lr  mc.[ivehe\t  du  pbrsonnkl  dans  lbs 
DiprljiiNTS  PAYS  ('),  par  Mr.  C.  i>k  Lavele^e. 
luembre  du  conaeil  d'admiDiatralion  du  chemin  de 
fei-  du  Congo,  k  Bruielles. 


TECHNICAL  INFORMATION 

collected  in  conforinil^  with  the  forms 

adopted  by  Ihe  Congress : 


A. 

Tre  ore 

AKINO     OP     STBEL   RA 

s.   by    Mr. 

ItRirK 

\,  chief  engineer  of  the  French  Stntc  Rail- 

ways 

professor  of  railway  engine 

riuR  at  tlie 

Ucole 

desponts 

etchauaa^,  Paris. 

B. 

Tbh  cubb 

EMT  COST  OP  MFTALl. 

C  COMPABID 

WITH 

WOODBM 

suaPEHs,   by    Mr. 

kOWALSKI, 

Chief 

of  the   Bonn  Quel 

na    railway 

Paris 

s  by  Mr.  V.  11ERZE^ST1J^. 

engineer  of  ways  and    communicatioDS,    vice-  n 

president  of  llie  Commission  for  the  study  of  Iht  ! 

preservation  of  timber  in   Russia,   St.   Peters-  [^ 

hurg.  :: 

D.   LocoMonvB    ckank    ailbs  ('),    by  Mr.  I 

,  diief  engineer,  Belgian  State  Railways.  || 


Brussels. 


.,  by  Mr.  HonMC 


E.  LocoMonvB  r 
aforesaid . 

F.  Locomotive  BoiLBB a,  by  Mr.  Beilerocihi'. 
chief  engineer,  Orand  Ceiilrsl  Railway  uf  Bel- 
gium, Briitsels. 

G.  LUBBICATION     OP     ROLLINO    STOCK,     by     Mf. 

Ill  BERT,  chief  engineer,  Belgian  Stnte  Railways, 
Brussels. 
//.  SnUNTWO  BNoiNRS  (').  by  Mr.   !lf.i.i.».i. 

aforesaid . 

J.    The  MOVEMENT  OF  THE  STAFF    IN     DIPPBRK.\T 

cDirNTBiGS  (■),  by  Ml*.  G    vr.  LavelE' 
uf  llie  Congo  Railway,  Brussels. 


:,  diredor 


r  SECTION  -  WAY  AND  WORKS 


b 


PHKLIMINARY  MEETING 
Held  on  June  26.  1896.  at  4  30  p 


ml  Co'iiiliin. 


,  look  llic  <-hair  pnniniimally 


r.  ladngh,  member  of  llw  hilenialin 
and  spoke  as  follows  :— 

Gentlemen,  the  Interiiiitional  Commission  of  the  railways  (loiigi-esshavi'appoinleil 
tne  to  prcsidi^  at  the  election  of  the  oHicers  for  the  i"  Section. 

By    ibe    Commission's    wish    I   propose   that   you    choose  as   your    presitjent 
Mr.  Jeitteles,  aulic  councillor  and  general  manager  of  the  Northern  of  Austria. 

\ou  are  aware,  gentlemen,  that  this  jp^at  railway  Conipuny  is  one  of  the  most 
(irosperouG  and  one  of  the  best  managed  underlakings  in  Auslro-Hungary.  Thi* 
sekcUon  of  its  illustrious  general  mana^ier  will  he  of  real  assistance  to  your  discus- 
»ons,  especially  hecause.  in  the  in  vestigial  ions  upon  one  of  the  most  important  ques- 
tions in  your  programme, '-  the  question  of  strengthening  the  perniadent  way  in  view 
iitlhe  increased  speed  of  trains  ".  his  Company  has  been  of  the  greatest  help  in 
liglitening  the  labours  of  its  <diief  engineer,  Mr.  Asl,  who  will  give  yon  a  summary 
■if  his  striking  report  with  his  usual  ability.  {Hear !  Ilenv  I) 

fc.  lutteles  thereupon  look  the  chair  and  said  ; — 

l^ntlenien,  I  ffe!  highly  tlattered  al  the  very  kind  way  in  which  you  have  been 
fiiMXl  enough  to  approve  the  selection  of  myself.  I  can  assure  you  I  appreciate  the 
t'ooipliment  and  you  may  count  on  my  doing  my  very  best. 

I  [ffojwse  that  the  other  officers  of  the  seilion  shall  be  the  following  ;  — 

Pnnnpal  secretaries.  —  Mr.  OtimAV,  ingenieur  en  chef  des  ponts  et  chaussees  de 
^nntx,  profesacur  ft  I'Ecole  des  ponts  ct  chauss^es,  secretaire  gt^ni-ra!  de  la  conimis- 
»'an  da  m^lbodes  d'essai  des  matrTiaux  de  construction. 

Mr.  £oKL'jii>  Ani}RP.ws,  i-esidont  engineer,  London  and  South  Western  Uailway. 

Sitrelarg  reporters.  —  Mr.  Demolus,  engineer,  Western  of  France  Kailway. 

*f-  UsLiK  Rout\sii«.  Associate  member  of  the  Institution  of  Civil  Engineers. 

~  This,  licin;;  ininjili'd.  the  mceliuf;  ailjourneil. 
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i«'  SECTION.  —  WAY  AND  WORKS 


QUESTION  I 


STRENGTHENING  OF  PERMANENT  WAY 

IN   VIKW   OF   THE 

INCREASED  SPEED  OF  TRAINS 


-»o^OC< 


Tj/pe  of  permanent  way  suited  for  lines  traversed  by  trains  at  high  speed. 
Gradual  strengthening  of  existing  roads,  so  as  to  permit  of  an  increase 
in  the  speed  of  trains. 

^»  Section  of  rail.     Calculation  of  the  strains  imposed  by  the  rolling  load. 
Results  of  experiments. 

B.  Mode  of  manufacture  and  nature  of  rail-metal.     Comparison  of  soft 

with  hard  steel.  Steel  produced  (i)  by  the  acid  process  in  the  Bessemer 
converter ;  (2)  by  the  basic  process  in  the  converter;  (3)  by  either  process 
in  the  Martin  furnace. 

C.  fiflt/  connections.     Fatigue  of  fish  plates.     Construction  of  joint  best 

calculated  to  secure  uniform  strength  of  the  road  throughout.  Rails 
laid  in  chairs,  and  Vignoles  rails. 

^'Sleepers,  their  quality,  dimensions,  and' distance  apart. 

E.  Ballast,  the  various  descriptions  and  methods  of  laying. 

t(cporter  for  English  speakhuj  countries^  Mr.  ffi  nt,  ('.hief  Engineer,  I.ancashire  and 
Yorkshire  Railway. 

^^orler  for  non  Ent/liifh  speak'uuj  countries^  Mk.  Ast,  Chief  Engineer,  Kaiser  Ferdi- 
nand's Nordbahn. 
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2*^     REPORT     (FOR   ENGLISH    SPEAKING    COUNTRIES) 

By   WiLUAM   HUNT 

CHIBF  BNamSBR  OF  THR  LANCASBIRB  AND  YORKSHIRR  RAILWAY,  MANCHBSTBR 


With  a  view  of  ascertaining  the  practices  of  British,  Irish,  American,  Indian, 
African,  and  Australian  Railways,  the  reporter  prepared  a  list  of  questions  in 
reference  to  the  subject  of  this  report. 

This  list  of  questions  was  issued  by  the  Brussels  Commission  of  the  Congress  to 
such  Companies  as  are  members  of  the  Congress,  and  in  addition,  the  reporter 
issued  the  same  list  to  twelve  Railway  Companies  in  America  with  whose  practices 

he  considered  it  might  be  desirable  for  the  Congress  to  become  acquainted ;  of  these 

twelve,  six  have  replied. 
It  was  requested  in  the  list  of  questions  that  the  replies  to  them  might  have 

reference  only  to  lines  on  which  there  are  services  of  express  trains  travelling  at  a 

minimum  speed  of  40  miles  (64  kilomc^tres)  per  hour.    Three  of  the  Indian,  two  of 

the  African,  and  one  of  the  Australian  lines  replied  that  no  advantage  would  have 

resulted  from  their  answering  the  questions,  inasmuch  as  there  arc  no  services  of 

express  trains  travelling  on  their  lines  at  the  speed  specified. 
Three  Railways  in  the  United   Kingdom  have  not   replied  to   the   questions 

at  all,  and  two  have  stated  that  they  do  not  propose  to  reply,  their  mileage  being 

only  small. 


The  replies  which  have  been  received  are  from  :  — 

13  Railways  in  England  and  Wales,  viz.  : 

Cambrian. 

Furness. 

Great  Eastern. 

Great  Northern. 

Great  Western. 

Lancashire  and  Yorkshire. 

London  Rrigliton  and  South  Coast. 

London  and  North  Western. 

London  and  South  Western. 

Manchester  Sheffield  and  Lincolnshire. 

Midland. 

North  Eastern. 

South  Eastern. 

4  Railways  in  Scotland,  viz.  : 

Caledonian. 

Glasgow  and  South  Western. 

Highland. 

North  Rriti.sh. 

2  Railways  in  Ireland,  viz.  : 

Great  Northern  Railway  of  Ireland. 
Great  Southern  and  W'estern. 

6  Railways  in  America,  viz.  : 

Chesapeake  and  Ohio. 

Chicago,  Rurlington,  and  Quincy. 

Illinois  Central. 

Lake  Shore  and  Michigan. 

Pennsylvania. 

New  York  Central  and  Hudson  River. 

1  Indian  Railway,  viz.  : 
East  Indian. 

1  Australian  Railway,  viz.  : 

New  South  Wales  Government  Railways. 

In  order  that  the  practices  of  the  difTerent  Companies  and  Administrations  m 


be  the  more  readily  compared  with  each  other,  the  reporter  has  compiled  from  the 
above  answers  10  statements  which  form  appendices  to  this  report.  In  these  appen- 
dices the  actual  wording  of  the  replies  as  received  has  not  been  adhered  to,  but  the 
substance  of  them  is  believed  to  be  correctly  recorded.  The  reason  for  not  adhering 
strictly  to  the  actual  wording  of  the  replies  was  to  enable  the  practice  of  any 
Railway  to  be  more  easily  compared  with  that  of  others. 

In  addition  to  these  statements,  this  report  is  accompanied  by  30  plated, 
illustrating  the  type  of  permanent  way  used  by  those  Companies  and  Administra- 
tions, who  have  answered  the  questions  addressed  to  them. 

It  should  be  noted  that  both  statements  and  the  plates  show  the  latest  standard  of 
each  Company  so  far  as  the  United  Kingdom  is  concerned.  These  latest  standards 
are  not  in  use  at  present  over  the  whole  of  the  several  systems,  but  in  their  renewals 
the  Companies  are  gradually  introducing  them. 

The  replies  received  from  the  American  Railways  give  various  weights  of  rails  on 
their  several  lines,  but  do  not  state  whether  the  Companies  are  going  to  raise 

everything  up  to  the  highest  standard,  or  intend  to  continue  the  use  of  the  lighter 

section  of  rails  on  branches  of  their  lines. 
It  must  be  understood  that  the  remarks  in  this  report  apply  only  to  the 

37  Companies  and  Administrations  who  have  replied  to  the  questions  addressed 

to  them. 

Types  of  permanent  \7ay. 

As  regards  the  type  of  permanent  way,  it  would  appear  from  the  replies  received 
that  the  railways  in  the  United  Kingdom  are  almost  universally  adopting  bull- 
beaded  steel  rails,  keyed  into  chairs  fastened  to  transverse  sleepers  by  means  of 
treenails,  spikes,  or  screws,  or  combinations  of  these  fastenings.  The  type  of 
permanent  way  adopted  in  America  by  the  Companies  who  have  answered  the 
questions  consists  of  flat-bottomed  rails  resting  directly  on  transverse  sleepers,  and 
fastened  to  them  principally  by  means  of  spikes. 

The  only  engineers  who  have  in  their  replies  expressed  any  opinion  as  to  the 
types  of  permanent  way,  are  the  engineer  of  the  Great  Northern  Railway  of  Ireland, 
and  the  engineer  of  the  New  York  Central  and  Hudson  River  Railroad.  The 
former  gentleman,  who  uses  both  types  of  permanent  way,  expresses  himself  as 
follows  : — 

«  As  the  steel  rail  is  immediately  in  contact  with  the  sleepers,  the  result  is  a  very 
smooth  running  road,  at  the  same  time  there  is  no  doubt  that  our  steel  bull-headed 


road  with  llie  chairs  keyed  inside,  is  far  superior,  stronger,  more  pcrmaaent,  aa-  .^ 

hctler  in  every  way  Ihan  any  flange  railroad  .» 

iind  the  latter  gentleman,  writing  on  the  American  type,  says  : — 

«  (tails  supported  in  4  chairs  >  have  been  out  of  diite  in  this  country  for  mai^Ha 
years  past,  the  Vignoles  type,  or  *  llange  »  rail,  as  it  is  termed  in  this  countr^^— 
having  proved  immeasurably  superior  in  service  and  economy  on  AmericA./* 
railroads  -• 

Strenerthentng  of  permanent  'way. 

With  regard  to  the  strengthening  of  permanent  way  so  as  to  permit  of  an 
increased  speed  of  trains,  the  Railway  Companies  in  Die  United  Kingdom  have, 
over  a  long  series  of  years,  been  gradually  increasing  the  weight  of  their  rails,  and 
the.  weight  and  bearing  area  on  the  sleepers  of  their  chairs,  but  from  the  infonua- 
tion  which  the  reporter  has  received,  most  of  the  principal  Companies  do  X\sA 
contemplate  any  further  strengthening  of  the  roads,  as  their  latest  standards  of 
permanent  way  are  fully  capable  of  taking  the  highest  speeds  that  can  be  obtained 
with  the  present  rolling  slock.  The  Great  Western  Kailway  Company,  however, 
state  that  greater  strength  of  the  permanent  way  could  be  obtained  by  increasing 
the  weight  of  the  rail,  and  the  bearing  area  of  the  chair,  which  should  bo  made 
with  a  wider  jaw  to  provide  for  a  larger  key.  The  London  and  South  Western 
Company  strengthen  their  road  on  sharp  curves  and  down  sleep  inclines  by  intro- 
ducing an  additional  sleeper  under  each  pair  of  rails. 

The  American  Railways  have  been  and  are  evidently  strengthening  their  rails 
with  a  view  to  suit  hi|j;h  speeds,  but  none,  except  the  New  York  Central  and 
Hudson  River  Railroad  Company,  state  that  lliey  intend  to  further  strengthen  their 
road  with  a  view  to  still  higher  speeds. 

Great  Britain  and   Ireland- 

A.  —  Rails,  i;tc. 


[Sec 


A.) 


The  section  of  rail  usually  adopted  is  the  steel  bull-headed  rail,  the  bull-head 
being  niuih  larger  than  the  bottom  member,  lo  allow  for  wear  and  tear,  Lhii 
botlom  member  being  made  sutliciently  strong,  niter  allowing  for  oxidation,  lu 
form  with  the  top  member  when  worn  down  a  suHlcienlly  strong  girder  to  carr>- 
therolliag  load. 


In  England  the  weight  of  the  rails  varies  from  80  to  92  lbs.  (39 1/2  et  45  \/i  kilo- 
grammes par  m^tre),  in  Scotland  from  77  to  90  lbs.  (38  et  44  1/2  kilogrammes  par 
m^tre),  and  in  Ireland  from  74  to  85  lbs.  per  lineal  yard  (3G  1/2  et  42  kilogrammes 
par  m^tre).  (There  are  some  rails  weighing  100  lbs.  to  the  yard  (49 1/2  kilogrammes 
par  m^tre)  but  these  are  few  in  number.)  With  the  exception  of  the  Great  Western, 
whose  rails  are  32  feet  long  (9"'74),  and  the  London  and  North-Western  Company, 
who  are  adopting  a  standard  length  of  60  feet  (18°'29),  the  length  of  rail  adopted  by 
English  Companies  is  30  feet  (9°'14).  In  Scotland  and  Ireland  the  standard  length 
of  the  rails  is  also  30  feet  (9"'14),  with  the  exception  of  the  Caledonian  and  Great 
Korlhern  of  Ireland,  who  use  rails  32  feet  and  26  feet  long  (9"»74  and  7"92) 
respectively. 

No  absolute  weight  per  yard  appears  to  be  adopted  to  which  rails  may  be  worn 
down  before  being  renewed,  the  general  condition  of  the  whole  of  the  materials 
forming  the  permanent  way,  and  other  vaying  circumstances,  being  taken  into 
consideration  in  determining  when  the  road  should  be  renewed.  The  renewals, 
when  they  take  place,  are  usually  in  long  lengths,  and  the  material  recovered,  when 
BOt  too  far  worn,  is  utilized  for  the  repairs  and  sometimes  renewals  of  branch 
lines,  loop  lines,  and  sidings. 

As  regards  the  calculations  of  the  strains  imposed  on  rails  by  the  rolling  load,  as 
the  various  stresses  cannot  be  ascertained  sufficiently  accurately  to  enable  a  rail  to 
be  designed  on  the  same  scientific  principles  as  a  girder  would  be,  it  is  considered 
by  English  engineers  that  close  and  careful  observations  of  the  effects  produced 
upon  the  road  by  the  rolling  loads  which  pass  over  it  is  the  best  means  of  deter- 
mining the  size  and  shape  of  the  rail. 

B.  —  Mode  of  manufacture  and  nature  of  rail  metAl. 

(See  statement  B.) 

From  the  replies  received,  it  is  clear  that  most  of  the  Railway  Administrations 
bafve  their  rails  rolled  from  steel  manufactured  by  the  Bessemer  acid  process, 
although  some  of  them  return  the  Bessemer  process  without  stating  whether  it  is 
the  acid  proces  or  the  basic  process.  The  only  Companies  who,  in  their  specifica- 
tion, permit  the  use  of  the  basic  process,  are  the  Manchester  Sheffield  and  Lincoln- 
shire,  and  the  North  Eastern. 

The  London  and  North  Western,  the  Manchester  Sheffield  and  Lincolnshire, 
the  Caledonian,  and  the  North  British  Companies  have  a  specification  for  the 
Siemens  Martin  acid  process. 
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With  roference  to  the  testing  of  rails,  all  Companies,  except  the  Cambrian,  test 
thoir  rails  by  blows  produced  by  various  weights  falling  from  various  heights  on 
various  lengths  of  rail  supported  on  bearings  from  3  feet  to  3  feet  6  inches  (0^14  i 
l"*on7)  apart.  The  amount  of  permanent  deflection  varies  in  each  case  in  propor- 
tion to  tho  weight  used  and  the  height  from  which  that  weight  is  dropped. 

Some  Hallway  Companies,  in  addition  to  this,  test  the  rails  as  girders,  suspending 
dead  weights  from  the  centre,  and  specifying  the  deflections  which  will  be  allowed 
under  the  test  of  certain  weights. 

The  eh(*mieal  tests  do  not  appear  generally  to  form  part  of  the  specification  for 
rails,  only  four  Companies  giving  a  more  or  less  detailed  specification  of  the  chemical 
analysis.  The  Creat  Northern  Railway  of  Ireland  state  that  they  test  their  rails 
eheniieally,  but  do  not  give  particulars  of  their  requirements. 

Tlu^  breaking  weight  in  tons  per  square  inch  (par  centimetre  carr^)  is  only  specified 
by  live  Companies.  The  extension  per  cent,  is  only  specified  by  three  Companies, 
and  the  contraction  of  area  per  cent,  is  only  specified  by  one  Company. 

It  appears,  therefore,  from  these  returns,  that  the  Railway  Companies  mainly  rely 
on  Mm^  failing  weight  test  to  determine  the  quality  of  the  rail  manufactured  for 
them. 

Ah  to  the  relative  merits  of  hard  and  soft  steel,  only  five  Companies  give  any 
infonnaticm,  and  of  these  five,  four  lean  to  the  use  of  mild  steel  as  being  less  liable 
to  IVaeture  and  therefore  ensuring  a  greater  measure  of  safety. 

C  —  Rail  connections. 

(Sec  ai)i)endix  C.) 

The  form  of  joint  universally  adopted  in  the  United  Kingdom  is  a  suspended  one, 
the  rails  being  (connected  by  two  fish  plates  bolted  together  through  the  rails  by  four 
llsh  bolts. 

With  the  exception  ofthe  Great  Western  and  London  and  North  Western  Railways, 
whose  llsh  plates  are  20  inches  («^'08  millimiMres)  long,  all  the  Companies  adopt  a 
fish  plate  18  inches  (if>7  niillimetres)  long.  Much  longer  fish  plates  than  these  were 
in  use  some  years  ago,  but  there  seems  to  be  a  general  opinion  that  the  fish  plates 
should  be  as  short  as  possible  in  order  to  bring  the  chairs  and  sleepers  at  the  joints 
as  near  together  as  possible,  and  in  reply  to  the  question  as  to  whether  this  form  of 
joint  gives  salisfaetion,  16  out  of  19  Companies  state  that  it  docs. 

As  to  the  shape  ofthe  fish  plates  in  use,  they  may  be  divided  into  two  classes,  viz.. 
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plates  whose  depth  is  the  distance  between  the  top  and  bottom  flange  of  the  rail, 
and  plates  in  which  the  depth  is  increased  to  the  underside  of  the  bottom  flange, 
and  even  deeper,  in  some  instances  underlapping  the  rail.  The  sections  of  this  class 
of  fish  plate  are  shown  in  the  book  of  diagrams.  10  Companies  use  the  former 
class,  and  9  Companies  use  different  sections  of  the  second  class.  There  are  no 
suggestions  as  to  how  the  joint  could  be  improved. 

All  the  Railways  (so  far  as  their  bull-headed  rails  are  concerned)  support  the  rails 
in  chairs  fastened  to  transverse  sleepers,  using  various  kinds  of  fastenings.  The 
Great  Northern  Railway  of  Ireland  for  their  flat  bottom  rails,  and  the  Great  Southern 
and  Western  Railway  of  Ireland,  fasten  their  flat-bottomed  rails  direct  to  the  sleepers 
by  means  of  fang  bolts  and  spikes. 

The  weight  of  the  chairs  used  by  the  different  Companies  varies  considerably,  the 
smallest  weight  being  that  of  the  South  Eastern  Railway,  37  lbs.  (16.78  kilo- 
grammes) the  heaviest  being  that  of  the  Lancashire  and  Yorkshire  Railway  which 
weighs  56  lbs.  (2o.40  kilogrammes). 

The  bearing  area  of  the  chair  on  the  sleeper  also  varies  considerably,  the  smallest 
area  being  that  of  the  South  Eastern  Railway,  viz. :  —  70  square  inches  (4S1.2  cen- 
timetres carres),  the  largest  being  that  of  the  Manchester  Sheffield  and  Lincolnshire 
Railway  which  has  a  bearing  area  of  H7  square  inches  (734.8  centimetres  carrels). 

The  only  Companies  who  place  felt  between  the  chair  and  the  sleeper  throughout 
their  systems  are  the  Cambrian  and  the  London  and  North  Western  Railways.  The 
London  Brighton  and  South  Coast  Railway  use  it  in  special  tunnels  where  the  noise 
is  excessive.  No  other  Company  uses  a  packing  of  any  kind  between  the  chair  and 
the  sleeper. 

The  pattern  of  the  chair  on  each  side  of  the  joint  used  by  any  Company  is  the 
same  as  that  of  the  rest  of  the  chairs  in  the  road. 

The  number  and  kind  of  fastenings  for  attaching  the  chairs  to  the  sleepers  varies 
with  almost  every  Company.     The  details  are  given  in  appendix  C, 

D,  —  Keys  and  sleepers. 

(Seo  statement  D,) 

Of  the  eighteen  Companies  who  use  the  chair  road,  eleven  of  them  use  oak  for 
their  keys,  two  use  teak  and  oak,  one  teak  only,  one  Br,  one  pine,  and  one  elm. 
Eight  Companies  compress  their  keys,  and  ten  do  not.  All  the  Companies  are  keying 
on  the  outside  of  the  rail  except  the  Furness  Railway,  but  they  are  now  gradually 
adopting  outside  keying. 
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..-r  .iivnjt  generally  used  for  sleepers,  although  some 
-I  —i  wchhI,  Scotch   fir,  red  pine.    Every  Company 

.  ^    -  ^  >ft^t  II  inches  or  9  feet  f2'"718  ou  2™7t3),  and  the 

.:n'.r»>  anid  the  thickness  u  inches  (127  millinu'tres). 

:•  -.».v^H?rs  on  the  several  lines  is  shown  in  the  accom- 

.  »^  vive  Ikvn  put  down  in  places,  notably  on  the  London 

;     1  .^    hov  do  not  seem  to  have  found  favour  with  the  Railway 

"X.    ■    -         ■  '    •  • 

t..  \  r^iom.    The  London  and  North-Western  Railway  have 
,.     >5^;  the  (ireat  Eastern  and  London  and  South  Western 
.  -:t.ti"c^^  ^*»'^J  ^  f*^^^'*  ^^^  ^^®  "^^  continuing  their  use. 

E.    —    Ballast. 

)x    .0  \arious  Companies,  details  of  which  are  given  in  appen- 

.  ,      •  :o  iho  local itv  through  which  the  lines  pass.    The  bottom 

^    .  if^>:s,  in  districts  where  it  can  be  obtained,  of  large  hand-packed 

^  ....    vs  cannot  be  obtained,  slag,  burnt  day,  and  ashes  are  used. 

.  .  'x^us  materials  are  used,  viz.  :  —  Broken  stone,  gravel,  slag, 

.  ' :  vir.iors  screened  and  unscreened,  and  Thames  gravel;  tlie  best 

.  •  >:rut  ivnsistcntly  with  economy  being  obtained,  so  as  to  get  llie 

^% 

.'  i\:ii '  ballast  above  the  level  of  the  top  of  the  sleeper  varies  a  good 

w      N  rv  ^:^on  in  appendix  /::. 

\n)erioan,  Indian,  and  Australian  Railways. 

AL  —  Section  of  hail. 
S<.^'  statom»^iit  A  J., 

•I  rul  usually  adopted  by  the  six  Railway  Companies  in  America, 
-xx\v-ivd  llic  questions,  and  by  the  East  Indian  Railway,  and  New  South 

^j,,j^l  Railways,  is  a  fiat  bottom  rail  with  bull  head.     The  area  of  the 

*v"ilvr  In  somewhat  stnuiger  than  need  be,  considering  the  rail  as  a  girder, 
.  vi-vniK  so  made  to  distribute  the  weight  of  the  trallic  over  as  large  an  area 
LvM-  or  ..  lie  «  as  it  is  called  in  America)  as  pt)ssible. 
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The  weight  of  the  rails  varies  from  60  lbs.  to  8S  lbs.  per  lineal  yard  (30  et  40  kilo- 
gramines  par  m^tre),  but  the  New  York  Central  Railway  have  laid  down  for  trial  a 
certain  length  of  road  with  rails  weighing  100  lbs.  per  lineal  yard  (49 1/2  kilogrammes 
par  m^tre).  The  result  of  this  trial  will  guide  them  as  to  what  weight  of  rail  they 
will  adopt  in  the  future. 

As  to  the  length  of  rails  used,  the  standard  length  is  30  feet  (9'°i4),  but  the  Penn- 
sylvania Railway  have  used  60  feet  (18^29)  rails,  though  they  do  not  say  whether  they 
intend  to  continue  them  or  not.  Rails  of  60  feet  (18°'29)  length  are  also  in  use  on  a 
portion  of  the  New  York  Central  and  Hudson  River  Railway,  where  their  engineer 
writes,  «  This  length  promises  well,  with  the  prospect  of  a  substantial  economy  in 
maintenance  of  way  expenses  ». 

As  with  the  English  Railways,  these  Companies,  as  a  rule,  do  not  fix  an  absolute 
weight  per  yard  to  which  the  rails  may  be  worn  before  being  renewed,  but  the  New- 
York  Central  Railway  gives  a  minimum,  a  medium,  and  a  maximum  weight  of  rails 
at  which  they  should  be  renewed,  and  the  New  South  Wales  Government  gives  the 
weights  to  which  the  rail  are  worn  down. 

Bl.  —  Mode  of  manufacture  and  nature  of  rail  metal. 

(See  appendix  Bl.) 

Six  Companies  specify  that  the  steel  from  which  the  rails  are  rolled  shall  be 
manufactured  by  the  Bessemer  process,  two  out  of  the  six  specifying  the  acid 
process.  The  Chicago,  Burlington,  and  Quincy  Railroad  do  not  specify  any  parti- 
culars by  which  the  steel  from  which  the  rails  are  rolled  is  to  be  manufactured. 
The  East  Indian  Railway  prefer  the  Siemens  acid  process. 

As  far  as  tests  go,  the  six  American  Railways  do  not  subject  their  rails  to  any 
bending  test.  The  Chesapeake  and  Ohio  and  the  Illinois  Central  Railroads  test  the 
steely  however,  from  which  the  rails  are  rolled,  by  hammering  two  test  pieces  into 
bars  which,  when  cold,  must  bend  to  an  angle  of  90  degrees  without  breaking. 
The  Chicago,  Burlington,  and  Quincy  Railroad  purchase  the  rails  under  a  five  years 
guarantee. 

The  East  Indian  and  New  South  Wales  Government  Railways  adopt  the  falling 
weight  tests,  similar  to  those  used  by  the  English  Railways.  They  also  test  the 
rails  as  girders  with  suspended  weights. 

The  New  York  Central  and  Hudson  River  Railroad  Company  specify  a  chemical 
test. 
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('•eatral  and  Hudson  Hivor  Kailroad  an 
Covornmenl  hnve  also  a  breaking  weight  in  Ions  per  square  inch  (par  centimetre 
carr^),  thst  uf  ihe  former  being  from  id  h>  ti8  Ions  per  square  inch  (7. a  27 
9.13  tonnos  par  centimetre  carr^),  and  tliat  of  the  latter  being  4i  tons  per  square 
inch  (6.y.1  tonnes  par  centimetre  carr^).  The  elongation  in  tlie  case  of  the  New 
York  Ccntrnl  and  Hudson  River  Railroad  is  from  6  to  12  per  cent.,  and  the  New 
Soiitli  Wales  ('■overnmont  Kailmad  14  per  cent. 

II  is  vicar  friim  Ilic  rt^lurns  that  the  American  Railways  prefer  a  hard  steel  to 
mild  one.  ii!«  K»'i"H  ='  longer  wear. 


Ci.  —  Rail  connpxtions. 
<Sec  Etatcmenl  CI.) 


d 


Tlirrr  nf  llio  American  Railways  statf  that  they  use  suspended  joints,  and  fha 
oilier  three  use  supported  joints.  In  two  instances,  viz.,  the  Chicago,  Burlington 
and  Oiiln''y  Railway,  and  the  New  York  Central  and  Hudson  River  Railway,  the 
joint  li*  Hiliijiorlcd  by  a  transverse  sleeper  centrally  underneath  it. 

The  Knnl  Indiiin  ami  the  New  South  Wales  Government  Railways  use  suspended 
]olnlp>. 

Tlie  Hull  plates  on  the  American  Railways  vary  from  20  inches  to  38  inches  long. 
(IIW  et  I'tlli  mlllimiHres).  Four  of  these  Railways  have  long  lish  plates  with  six  flsh 
boltH.  Thi'  other  two  use  short  fish  plates  20  inches  and  24  inches  (508  et  610  milti- 
iiiMrttn)  loiiH  Willi  four  fish  holts. 

The  Kant  Indian  Railway  uses  fish  plates  33  inches  (5S9  millimetres),  and  the 
New  Niiiilh  Wides  (iovcrnment  Railways  use  for  their  flat  bottom  rails,  lish  plates 
IH  Ini'hett  ||.'i7  inlllinifHrcs)  long,  and  for  their  hull-headed  rails,  fish  plates 
S(l  InrllM  {fiOM  niiliim«res)  long,  each  with  four  Rsh  bolts. 

(til  the  r.hleil|(o,  llurlinglon,  and  (Juincy  Railroad,  and  the  New  York  Central  and 
lludKOli  Hiver  lliillroiid  the  rails  are  laid  with  broken  joints,  that  is,  the  joints  in  one 
■■all  behiB  oiiposite  the  centre  of  the  other  rail  in  its  road. 

.Six  ol'  the  (^onipanieH  cinisider  their  joints  are  satisfactory.  The  Lake  .Shore  and 
Mlehliian  Railnnid  iln  not  consider  the  joint  satisfactory,  staling  «  a  joint  fastening 
Mliieli  I"  11"  "ti'onii  a!>  the  mil  is  required  >>.  The  Pennsyiviiiiia  Railrnail  Company 
Male  thai  Iheir  joint  in  not  universiilly  satisfactory,  and  they  suggest  an  improvement 
hv  shorleiiiriu  (he  lish  plates.  The  New  York  Central  and  Hudson  River  Railroad 
Ihl'ow  out  II  suKKOtiliun  Hint  joints  should  he  abandoned  altogether,  and  some  form 
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of  compound  continuous  rail  substituted  for  them,  but  so  far  as  the  reporter  can 
ascertain  this  has  not  been  tried. 

The  American  Railways  fasten  their  rails  to  the  sleepers  in  various  ways,  by 
spikes,  clips,  and  screws,  details  of  which  are  given  in  appendix  C  i. 

The  bearing  area  of  the  rails  on  the  sleeper  varies  from  36  to  50  square  inches. 
(232.3  et  322.6  centimetres  carr^s). 

The  iron  chairs  used  by  the  East  Indian  Railway  are  30  lbs.  (13.01  kilogrammes) 
weight,  having  a  bearing  area  on  the  sleeper  of  86  square  inches  (554.8  centimetres 
carr&s);  on  the  New  South  Wales  Government  Railway,  where  bull-headed  rails  are 
used,  the  weight  of  the  chair  is  45  lbs.  (20.41  kilogrammes),  and  the  bearing  area  on 
the  sleeper  108  square  inches  (696  centimetres  carr^s). 

On  both  these  last  mentioned  lines  the  chairs  on  each  side  of  the  joint  are  of  the 
same  pattern  as  the  rest. 

Di.  —  Keys  and  sleepers. 

(See  statement  DL) 

Keys  are  of  course  not  used  on  the  American  Railways. 

Keys  of  teak  are  used  on  the  East  Indian  Railway,  and  teak  and  cedar  on  the  New 
South  Wales  Government  Railways.  On  the  first-named  line  the  keys  are  not  com- 
pressed, but  on  the  latter  they  are.    Both  Railways  key  on  the  outside  of  the  rail. 

The  wood  used  for  the  sleepers,  as  will  be  seen  by  the  appendix,  varies  with  the 
locality.    Neither  of  the  Railways  creosote  their  sleepers. 

The  length  of  the  sleeper  varies  from  8  feet  to  9  feet  6  inches  (2™438  et  S^SOe), 
the  breadth  from  8  inches  to.  10  inches,  and  the  thickness  from  o  inches  to  7  inches 
(127  et  178  millimetres). 

El,  —  Ballast. 

(See  statement  Ei.) 

The  American,  Indian,  and  Australian  Railways,  like  the  English  Railways,  adopt 
for  bottom  ballast,  broken  stone,  gravel,  or  sand  according  to  the  locality.  The 
top  ballast  varies  in  thickness  from  5  inches  to  12  inches  (127  et  305  millimetres), 
and  consists  principally  of  gravel,  crushed  stone,  cinders,  or  slag. 


STATEMENT  A.  —  Rails. 
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CO 

(6 
H 

a 

S 
D 


QUESTIONS. 


Cambrian. 

(PI  1.) 


Fomess. 

(PI.  2.) 


Great 

(P 


2 
3 

a 
b 
c 


5 
6 

7 
8 


9 


Weight  of  rail  . 


Per  yard   . 
(  ParmMre. 


Length 

Holes  for  fish  bolts  : 

a)  Number 

b)  Shape 

c)  Distance  apart  from  centre  to 

centre  of  holes     .... 

d)  Distance  from  end  of  rail  to 

centre  of  nearest  hole. 


80  lbs. 
39  1/2  kilog 


80  l/t  lbs. 
40  kilog. 


30  feet  (9'»14). 

Four. 
Round. 

4  1/2  inches  (114  mill.). 

2  1/8  inches  (54  mill.) 


30  feet  (9'»14). 

Pour. 
Elongated. 

4  1/2  inches  (114  mill ) 

2  1/8  inches  (54  mill.). 


8! 
42 


Is  the  line  relaid  when  the  rails 
wear  down  to  minimum  weight 
per  yard? 

If  so,  give  weight (No  attention  is  paid  tof  .  „  %i!5  .^-:*:««     ««« 

this  but  renewed  whon>  ^^    ^^^   position,    gra-| 
,    y         ,    J     V  •,  1         ,     '*^^'.^"y®"®'^®^^"n   dient,  amount  of  traffic.! 

Is  line  relaid  when  rails  wear  down  I   required  I  etr 

to  minimum  thickness  of  top  flange 

or  minimum  depth  over  all  ?     . 

If  80,  give  thickness  or  depth. 


30  fee 

f 

C 

4  1/2  iachi 
2  5/8  incJ 


^Relaying 
year  by 
the  syste 
points  wli 
red.  Jad£ 
gives  an  i 
14  to  24 
suburban 
or  near  th 
mini,  wb 
is  very 
have  beer 
a    much 
than  this 


Have  you  made  use  of  rails  of  unu- 
sual length,  60  feet  (18'°i9)  or 
upwards  ?      . 


If  so,  state  object  and  what  result 


On  viaducts  only. 


No. 


Great  Western. 

(Pi.  5.1 


L4  mill.}- 
ieniU.)- 


Four. 
OtbI. 

5inchM{187aiiU.). 

S  T.'IQ  incbeg  (6S  mill.). 


Lancaihire 
and  TorkBhire. 

(Pl.^.) 


Oral. 

4i/aincb«(ltSmiU). 
27/g  inches  (73  milt), 


Aia  rule  it  may  be  taken 
(hat  with  from  15  to 
SO  fears  ot  aieragt 
(raffle,  a  rail  loses  15 
to  30  per  cent,  of  it! 
weight,   and  is  taken 


(  oiil  and  01 


insidiugs/ 


goods    linue, 

fittings    and    sleepers 

■■"-g  removed  at  the 

a  time,  and   like- 

imedigain. 


Approiitnnle 
weight  60  Ebs.  per  lin- 
eal yard(3S  l/t  kilog. 
par  miitre),  provided 
llie  other  component 
parti  of  the  permsnent 
way  are  in  Buffldenlly 
good  order  lo  allow  of 
Ihem  bein^c  so  worn 
down,  if  not  the  whole 
road  is  taken  out  and 
the  unHOrii  rails  used 
for  aidinga. 


London,    Brighton 
and  South  Coast. 


London 
and  North  Western. 

(PI.  8.J 


8llb>. 
<li/lkilog. 


0  lbs.  and  90  lbs. 
39  l/l  el  44  1/!  kilog. 


o™i. 

i  1/x  inches  (lU  mill.). 

2  i/l  incbes  (64  mill.). 


Four. 
Circular. 

4  l.'l  incbes (IHmilL). 

5  3,'8  iiidiea  (fiOniill.) 


No 


ight  is  arbitra- 
rily tiled. The  nature 
of  traffic,  the  condi- 
tioo  of  sleepers  and 
chaii'fl,  and  liie  de- 
mand for  second-hand 


tiOfeet  (18">29)  ii 
atandanl  length,  shor- 
ter rails  are  also  nsed. 
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STATEMENT  A.  —   Rails.  {Continuation. ) 


9QSS 


03 


«;aEaBS89K 


^maesBBmmssi 


wKsssm 


England    and   l^ale»»   {Continuation,) 


aa 

D 


london 

and 

Soath  Western. 

(PI.  9.) 


Manchester 

Sheffield 

and  Lbicolashire. 

(PI.  10.) 


Midland. 

(PI.  11.) 


North  Eastern. 

(PI.  12.) 


SoutJbtl 

(Pi. 


2 
3 


Per  yard,  87  lbs. 
Per  m^tre,  43  kilog. 


86  lbs. 
42  l/t  kilog. 


30feet(9<»14), 


Four. 


Oval. 


4  l/S  inches  (114  mill). 


2  inches  (51  mill.). 


30  feet  (9"14). 

Four. 
Oval. 

4i/tiiu:he8(il4mill,). 

2  5/8  inches  (67  mill.). 


85  lbs. 
42.  ki^og. 


30feet(9»i4). 

Four, 
Oval. 

41/2  inches  (114  mill.) 

2  3/16  inches  (58  mill.). 


No  such  standard  pre- 
vails. The  necessity 
for  relaying  any  sec- 
tion of  the  permanent 
way  is  determined  by 
the  general  condition 
of  all  its  component 
parts,  coupled  with 
6  I  the  amount  and  class 
of  traffic  which  passes 
over  it. 


8 


No 


Yes. 

72  lbs.  per  yard . 
(36  1/2  k.  par  m6tre). 


Thin  top  dange. 

Top  flange  worn  to 

thickness  of  bottom 

flange. 


No. 


jThe  length  of  time 
which  our  rails  can 
remain  in  the  road 
varies  so  largely  that 
it  is  almost  impossible 
to  give  any  satisfac- 
tory information  on 
the  subject.  The  aver- 
age life  of  steel  raits 
in  our  main  lines  ap- 
pears to  be  something 
like20to  21  years. 


No. 


90  lbs. 
44  1/2  kilog. 


82U 
40  i/t  1 


3afeet(9»14). 

Four. 
Oval. 

5  inches  (127  mill.). 


2  7/20  inches 
(60  mill.). 


30foet  < 

Foi 
Ofi 

4  5/8ioclltS 

2  5/l6iocfai 


Yet. 

70  lbs.  par  yard 
(34 1/2  k.  par  mMre). 


No. 


Y« 

Av«r«g%  1 

yard(3iV 
m^tre). 

Yi 

4  5/8  lodM 

ind 

(117  a  12 


Nc 
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ScoCtand. 


Irclaii4l, 


mian. 

14.) 


Caasgow 

and 

South  Western. 

(PI.  15.) 


Highland. 

(PI.  16.) 


North  British. 

(PI.  17.) 


Great  Northern 
of  Ireland. 

(PI.  18  el  19.) 


Great  Southern 

and 

WeMem. 

(PI.  20.) 


lUw. 
tkilog. 


f>-74). 


Br. 

■1. 


ft 


ofll.). 


1%  U  arbi- 
ilsed,  bat 
11 J  wear 
TOIhs.  per 
rtl  (34  1/2| 
ir  m^tre) 
^mr,  slal 
I  and  alee- 
[aire  re 
thm  railv 
be  taken 
ftber  they 
1  down  to 
H  i/t  kil. 
pa)  or  not. 


fo. 


90  lbs.  (44  l/2kilQ^.}. 
—  Only  one  section 
is  now  used,  but  there 
are  still  different  sec- 

\  tions  in  use,  which 
are  being  replaced 
by  the  ttaadaid  sec- 
tion wben  worn  out 

30  feet  (9"14). 


Four. 
Ofal 

4  &/8  indies  (117  min.). 
8  3/8  inches  (60  mill.) 


I 


76  1/2  lbs.  (38  kil.  )| 
Double-headed . 

77  and  80  lbs.  (3^ 
et  39  1/2  kilog.) 
Bull-headed. 


30feet(9»14). 


84  lbs. 
(41  1/2  kilog.). 


74  lbs. 


iSteel  BuU-headedJ 

/85  lbs.  (42  kilog.).! 
Steel  Iflat-bottom-  i  ^^^  w  i  i      \ 
ed,79bs.(39k.).l(^  */*  ^'^^•)- 


Four. 
Round. 


4  5/s  inches 
(117  mill.). 

2  7/32  inches 
(56  mill.). 


[The  line  is  relaid  when 

the  rails  are  worn  so 

that  they  are  consi 

dered    too   weak    to 

carry  the  tr&ffic. 
'The  rails  which  come 

out  of  the  main  line"  g.    i  j.^-|    gyjjg*: 

kilog.)  to  72  lbs.  per 
yard  (36 1/2  kilog.  par 
mitre\  and  we  con- 
sider that  they  should 
not  be  used  any  ligh 
ter  than  this. 


30  feet  (9"14) 

Four. 
Oval. 


4  inches 
(102  mill.). 

2  7/16  inches 
(68  milL) 

There  is  no  fixed  | 
minimum  weight 
per  yard  when  Imej 
must  be  relaid . 


26  feet  (7»92). 

Four. 
Elongated . 


4  inches 
(102  mill.). 

2  15/16  inches 
l75mill.). 


There  is  no  fixed] 
minimum    thick- 
ness    when    line] 
must  be  relaid . 


[All  old  iron  rails 
taken  up  when 
much  laminated, 
worn,  and  crack- 
ed, and  relaying 
with  new  steel 
rails  carried  out 
in  long  continuous 
lengths. 


No. 


No. 


No. 


No. 


30feet(9«14). 

Four. 
Oval. 


4  inches 
(102  mill.). 

2  5/l6  inches 
(59  mill.). 


We  have  no  fixed 
rule  as  to  when 
this  should  be 
done. 


No. 


^mttamm 


Mtfeatt 


J 
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STATEMENT  B.  —  Manufkcture  and  testing  of  rails. 


S 

2 


QUESTIONS. 


Cambrian. 

(PI.  1.) 


Fumesn. 

(PI.  2.) 


Great  Eaatem. 

(PI.  3.) 


Groat  1 

(P 


b 
c 

2 


By  what  process  in  the  steel  for 
rails  manttfacturedf 

a)  Bessemer  acid  .... 

h)  Siemens  Martin  acid  .     . 

c)  Basic  in  Siemens  Martin 
hearths      

To  what  tests  are  rails  subjec- 
ted before  acceptance? 

a)  Bending 


Bessemer  acid. 


Bessemer  acid 


No  specification, 


b)  Chemical 


c)  Tension : 

Breaking   weight  in   tons  per 
unit  of  area 


Extension  per  cent   .... 

Contraction  of  area,  per  cent    . 

Particulars  as  to  the  relative 
merits  of  Hard  and  Soft  steel. 


3feet6inches(i-067) 
length  to  be  cut  from 
rails,  and  placed  on 
supports  3  feet  (914 
mui.)  apart,  and 
shall  then  receive  a 
blow  from  a  weight 
of  i  ton  (1,016  ki 
log.),  falling  from 
a  height  of  20  feet 

(6n09)  without 
breaking,  and  with- 
out a  permanent  de- 
flection of  more  than 
3  inches  (76  mill.). 


No  specification. 


\ 


None  specified. 


100  tons  (101. 5I 
tonnes)  placed 
half-  way  bet- 
ween bearings 
of3  feet  6  inches 
(1-067). 


Bessemer. 


A  rail  to  be  placed,  bull-head 
uppermost,  on  bearings 
3f.  6  inch.  (in067)  apart. 
Weight  of  18  tons  (18.289 
tonnes)  to  be  suspended 
from  centre,  deflection  not 
to  exceed3/8  of  an  inch  (9.5 
mill)  after  weight  has  been 
on  half-an-honr,  permanent 
set  after  removal  not  to 
exceed  1/8  of  an  inch  (3.2 
mill.)  The  same  rail  pla- 
ced bull-head  uppermost 
on  bearings  3  f.  6  in.(l>067) 
apart  must  bear  two  blows 
from'  ball  weighing  1,800 
lbs.  (816  kilog.)  from  a 
height  of  8  ieet  (2»438) 
without  breaking,  and  with- 
out deflecting  more  than 
1  inch  (25  mill.). 


5  feet  (1" 

placed  on 
sapporta» 
foundatioa 
(l"0t{7)cU 
shall  thea 
oesaiva  bk 
weight  of 
(508  kikH 
heifffatoCi 
Rails  not  I 
fore  or  uri 
blow,norli 
ent  set  al 
blow  mm 
inch  (35  m 


I 


None  spedfled. 


Nonet 
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Sreat  Western. 

(P1.5) 


Lancashire 
and  TorkBhire. 

(PI.  6.) 


London,  Brighton 
and  South  Coast. 

(PI.  7.) 


London  and  North  Western. 

(PI.  8.) 


which  rails  are  made  to  be 
i  steel  for  the  purpose,  made 
ih  or  Spanish  hoematite  ore  and 
in. 


(€■524)  lo  be  cut  off  one  rail 
»fli»  lliis  to  be  placed  bull 
is  OD  two  iron  supports  having 
mMaooM,  with  centres  3  feet 
■007)  apart,  then  subjected  to 
a  falling  iron  weight  of  i  ton 
)  without  fracture  or  deflection 
bllowing :  —  First  blow  7  feet 
al  deflection  7/8  inch  to  i  1/4 
2  mil.),  second  blow  20  feet 
il  deflection  3  inches  to  4  i/4 
iOB  mill.).  If  the  rail  after  the 
'  has  not  deflected  3  inches 
S  la  to  be  subjected  to  a 
with  the  same  weight  from 
I  ieet  (3i>658),  the  deflection 
ird  hlow  to  be  not  less  than 
(108  mill.). 


.   from  *40  to  '50  per  cent. 
.      —    -10  to -06       — 
-     -95  to -85       — 

w  as  possible,  not  to  exceed 

-06   per  cent^ 
ts   low  as  possible,   not    to 
seed    '08  per  cent. 


in  40  nor  more  than  48  tons 
per  square  inch 
an  6.3  tonnes  nor  more  than 
oes  per  centimetre  carri. 

20  per  cent,  in  2  in.  (51  mill.). 
Not  given. 


Bessemer  acid 


5  feet*  length  (ln524) 
placed  bull-head  up- 
permost on  perfectly 
firm  bearers  3  feet 
6  inches  (1b067) 
apart  must  bear  one 
blow  from  a  weight 
of  one  ton  (1,016 
kilog.),  falling  a 
height  of  20  feet 
(6"»096j,  without 
fracture,  the  per- 
manent set  not  to  be 
less  than  2  1/2  in. 
(48  mill.)  nor  to 
exceed  four  inches 
(89  mill.). 


Bessemer  acid. 


A  rail  to  be  placed 
head  uppermost  on 
iron  bearings  3  feet 
6  inches  (ln»067) 
apart  to  receive  two 
blows  from  a  weight 
ofl  ton(1.016kil.) 
falling  a  height  of 
20  feet(6°K)96).  with- 
out causing  greater 
permanent  deflec 
tion  at  first  blow 
than  1  7/8  inches  (48 
mill.),  or  than  3  i/2 
inches  (89  millim.) 
at  second  blow. 


None  specified. 


None  specified. 


Bessemer  acid. 
Siemens  Martin  acid 


Rails  placed  on  bearings,  centres  3  feet 
(914  mill )  apart,  and  shall  then  receive  a 
blow  from  a  weight  of  one  ton  (1,016  ki- 
log.), falling  a  height  of  20  feet  (6<»096), 
when  the  permanent  defiection  shall  not 
be  less  than  3  inches  (76  mill.). 


Carbon. 
Silicon. 
Sulphur 


BbbsbIibr  acid 

STBBU 

Per  cent. 


•20  to 
•Trace  to 
.     '01  to 


Phosphorus   '01  to 
Manganese     '25  to 


1 


40 
•10 
•10 
10 
•25 


Iron. 


.99*53  to  9805 


100*00    100*00 


SiBMaNS  Martin 

ACID  STBBL. 

Per  cent. 
•25  to  -50 
*01  to  -25 
*05  to  *10 
•05  to  -15 
'25  to  1'25 
99-39  ta 97-75 

10000    10000 


30  to  35  tons  per  square  inch, 
(4.72  to  5.51  tonnes  per  square  centim.) 


About  15  per  cent,  on  lengths  of  10  inches. 
About  22  per  cent. 

A  rather  soft  steel  is  used  to   insure  a 
greater  measure  of  safety. 


^^^^^^^^^^^^H^^^                          ^^^^^^^^^^^^B 

^^^f 

STATEMENT  B.  —  Manufacture  and  testing  of  rails.  {ContinuaUon.\ 

I 

7. 

EiiHlntid     anil     Wale»-  (Ln,uln^alhn.-,                                                \ 

LoBdon  and 
South  Western 

ifi.  9-j 

Hsochester.  Sbeffield 
and  LincolnBhira. 

iPI.  10.) 

Hidlaod. 

(PL  U.) 

North  Eaateni. 

(PI.  12.) 

Soatb 

1 

Bessemer  add.       \ 

Bessemer  acid. 

Bessemer  acid  with 

Bessea 

" 

■ 

By  all  proceaiBS. 

■ 

Be!>semcr  baaic  pro- 
cess wilb  Cleveland 

IS  feel  (3<°658)  tenglh 
placed    on     bearings 

mualbearablowfrom 
B    -weight    of   1    Ion 
(1.016  kiloj.)  railing 
fromnbeighlofSOi^ 
(6-096)      Permflnml 
Eel  not  Ic  be  less  than 
1   SB  inch   (41   mill) 
ormorellianl  1/Sin, 
(48  mill.) 

5  feel  (i-524)  length  placed  on 
solid    iron    baariogs    3    feel 
6  inches  (1-067)  clear  apart, 
and  shall  then  receive  blow* 
from  a  weight  of  10  cwts.(50B  ki- 
1(«.)  fBlling  a  height  of  10  fe«l 
(3'"018).   Rails  not  lo    break 
before  or  under  the  third  blow, 
nor  take  a  permaneol  set  aflai 
tb«  Brsl  blow  eiceeding  1  3/9 
inch  (35  mill. )- 

P^r  cenl. 

Rail  placed  on  bearings 
3  feel  6  inches  (l"'067) 
apart,  must  not  deflect 
more  tlian  a  quarter  ol 
an  inch  (64  mill, )*ith 
a    weight   of  M   ton* 
(20,320  lonnoB)  snspen. 
ded  from  the  centre. 

Rail  placed  on  benrings 
3  leelS  inches  (l"067) 
apart    lo   reeeiTe   two 
blows  from  a  weight  of 
one  ion   (1,0(6  kilog  ) 
falling  IE  feel  O^BSflJ 
wilhoiit    breaking    or 

3ii.chesf76mill.). 

Bails  lobe  placed  on 
bcirings  3  feel  (911 
mill.)    apart,     and 
shall    then    receive 
two  blows  fram  > 
hall   weighing   on. 
ton   (1.01S  hTlog.). 
falling  a   height  of 
5  fret  (t '■'524).   Not 
lo  show  any  signs 
of  fracture,  and  per- 

noi   to  etceed   one 
inch  (25  mill  ), 

A  short  h 
3     feet' 

Xif" 

ofllm 
failing  1 
not  Ik. 

incbea  | 
tlie>     M 
Each  l> 
bear    ti 

Wi 

14  f .  (4« 

blow. 

Carbon  lobe  from  .     -3  10-45 
Silicon  not  to  be  more  Iban   06 

less  than  0' 45  par 
cent,  of  carbon. 

aulphnr                -              -oe 
The  oqIj  metaU  shall  be  iron 

" 

None  specified. 

Nona  >p«;iS«d. 

Nonei 

None  EpeclBed. 

8 

We  endeiTDDT  to   se- 
cure    raiU      whicb, 
vbilc  being  liard  (to 
resist  wear),  are  not 
brittle. 

Mild  steel  les»  liable  to  fracture 

»• 

L  ^    .  d 

21 


Scotland. 


mlan. 

14.) 


CHasgow  antl 
South  Wettarn. 

(PI.  15.) 


Highland. 

(PI.  16.) 


North  British 

(PI.  17.) 


Ireland. 


Great  Northern 
of  Ireland. 

(PI.  18  et  19.) 
/      


Great  Southern 
and  Western. 

(PI.  20.) 


Siemens,  or 
ally  appro- 


plaoad   on 
3  tel  (914 
li^  shall  bear 
ci  40  tons 
ionaes)  (us 
lidwi^  be 
■a  bearings 
greater  de- 
an 3/8  Inch 
)^  and  with- 
permanent 
ailer    the 
for 
two 
II  a  weight 
016  kilog.) 
height    of 
>668)  with- 
1^  or  more 
han  1  inch 
for    each 


Mfified 


Bessemer  add. 


Not  less  than  15  feet 
(4«572)  length  of  rail, 
placed  on  bearings  3  f. 
(914  mill.)  apart,  shall 
bear  weight  of  40  tons 
(40.640  tonnes)  sus- 
pended midway  be- 
tween these  bearings 
without  greater  deflec- 
tion than  3/8  inch 
(9.5  mill.),  and  with- 
out any  permanent  de- 
flection after  the  load 
has  been  on  for  one 
hour.  Also  two  blows 
from  a  weight  of  1  ton 
(1,016  kilog.)  falling 
a  height  of  12  feet 
(3"^d58j  without  break- 
ing, or  mqre  deflec- 
tion than  1  1/4  inch 
(32  mill.)  for  each 
blow. 


«^ 


We  prefer  steel  for  rails 
to  be  of  the  hard  side. 


Bessemer. 


A  rail  to  be  placed  bull- 
head uppermost  on 
bearings  3  feet  6  inch. 
(1™067)  apart,  must 
bear  a  weight  of  20 
tons  (20.320  tonnes) 
midway  between  the 
bearings  without  per- 
manent deflection,  and 
36  tons  (36.580  tonnes) 
without  fracture. 

A  rail  placed  on  two 
supports,  3  feet  (914 
mill.)  apart,  must 
stand  two  blows  from 
an  iron  ball  weighing 
1  ton  (1,016  kilog.), 
falling  upon  it  from  a 
height  of  20  f  (6b096) 
without  breaking,  and 
without  a  greater  per- 
manent set  than  3  1/2 
inches  (89  mill.). 


Bessemer  acid. 
Siemens  acid. 


A  rail  placed  on 
bearings  3  f.  8  in. 
(1"»118)  apart, 
must  bear  one 
blow  from  a 
weight  of  1  ton 
(1,016  kil.)  fall- 
ing  a  height  of 
15  feet  (4'»372; 
without  deflec- 
ting more  than 
2  1/2  inches  (64 
mill.),  and  with- 
out showing  any 
imperfections . 


30  tons  per  square  inch)  None  specified . 
(4.72  tonnes  per  square/ 
centimetre) 
of  sectional  area . 


Bessemer  acid. 


A  rail  placed  on 
bearings  3  feet 
(914  mill.)  apart 
must  bear  a 
weight  midway 
between  the  bear- 
ings of  23  tons 
(23.370  tonnes) 
without  perma- 
nent set,  and  35 
tons  (35.560  ton- 
nes) without  brea- 
king. 

A  rail  placed  on 
bearings  3  feel 
(914  mill.) apart, 
must  bear  three 
blows  from  a  ball 
weighing  18cwt. 
(944  kilog.),  fal- 
ling  from  a  height 
of9.feet(2'n743), 
without  deflec- 
ting  more   than 

3  inches  (76  mil.). 

• 

Detail  not  given. 


Bessemer  acid. 


A  rail  placed  on 
bearings  3  f.  (914 
mil.)  apart  must 
bear  a  weight  of 

23t.;23.37t.}with 
out  permanent  set, 
and  a  weight  of 
35  tons  (35. 360 1.) 
without  breaking. 

A  rail  placed  on 
bearings  3  feet 
(914  mill.)  apart 
must  bear  three 
blows  from  a  ball 
weighing  1  ton 
(1,016  kilog.)  fal- 
ling  a  height  of 
9  feet  (2«n743) 
without  deflec- 
ting more  than 
3  inches  (76  mill.). 


32  to  39  tons 

per  square  inch. 

(504  to  6-14  t. 

per  square  cent ) 

16  to  23. 

Not  taken . 

Soft  steel  rails  less 
liable  to  fracture 
in  the  line. 


None  specified. 


STATEMENT  C.  —  Rail  connections. 


Cambrian. 

(PI.  I.) 


FnrneM. 

(PI.  2.) 


Ig  Ibe  rutl  luspended  ar  supported   in 

jaiitl  chair  or  on  sleepers!    .      .     . 
Fish  plalc  : 

Depth 

Thk-kM6s 

Weight  of  each 

Fish  bolls  : 

Number 

Weig;il  indiiding    nut   and   waili 

Deacripliori  of  fish  boll 


Deacriptioi]  of  nut  [nnd  v 


An  holts  in  fiah  plaice  nquare  or  circular, 
punched  ordrilladl 

Doei  the  form  of  joiat  uiod  girt  sitisfac- 

ir  not,  in  what  rMpeot  is  improvement 
required  withn  view  lo  aecuriiig  uni- 
lorra  atrengtli  ttfrotd  throughout  ?. 

How  are  railB  secured  to  «leep«rsT 
■Willi  chairs  on  wood  sleepers,     . 

Weight  of  cliair  !     ...  ... 

Ba„  of  .i,.ir.™.  i^ '  ;;;,"i,™",',„.." 

(  centimetres  caires. 

la  fell  or  other  malerinl  placed  between 
chair  and  sleeper* 

Are  the  chairs  on  each  side  of  the  joint  of 
tlie  lame  psllem  aa  the  rest!  If  ' 
gite  particulars 

Full  pnrliciilsrs  of  mode  of  attuchmei 


Suspended. 

la  inches  (457  mill.). 
4  7/8  inches  (1E4  mill.). 
13/16  inch.  (21  milt.). 
80  l/I  Ibi.  {9.30  kilog.). 

4  tnchei  ((03  mill.) 

bj  10/31  incb.  (23  mill.). 

llb.9i/4oi.(0."16kilog.) 

Cup  headed,  nilh  square 

sboulder  at  bead  er '' 


Ordinary  square  nut  with 
differential    tbread. 


Suspeoded. 

IS  inches  (457  mill.). 

■I  1^/16  inches  [125  mill.). 

3/4  inch  (19  mill.). 

20  lbs,  (9.07  kilog,). 

4  inches  (102  mill.) 
by  7/s  inches  (22  mill.). 
1  3/3  lbs.  (0.624  kilog.). 
Eureka  patent  cup  headed, 
with  square  iboulder  at 
bead  end. 


Ordinary  squi 


42  lbs.  (19,05  kilog.). 
101  ||t  square  Inches 
(654,8  cent,  carris). 


2  fang;  bolls  and  1  spike. 


45  lbs.  (20.41  kilog,), 
116  square  Inches 
(713.4  cent,  carrts). 


io7/Rinch{22mill,)cup 
eaded  spikaa  and  Iwc 
om pressed  oak  Irennails. 


[Vo  iron  !>p!hl 
ch«s  (140  mil 
inch  (Ei  miU.; 
solid  treanaila..- 


S3 


Dd    and    Wales. 

■uBm* 

Great  Western. 

Lencashire 

London,  Briahton 
and  South  Coast. 

London 

fmi^^mm  mm9 

and  Torkshire. 

and  North  Western. 

) 

(Pi.  5.) 

(PI.  6.) 

(PI.  7.) 

^     (PI.  8.) 

Hi. 

Suspended. 

Suspended . 

Suspended. 

Suspended. 

r  mfll.) 

20  inches  (508  mill.). 

18  inches  (457  mill.). 

18  inches  (457  mill.). 

20  inches  (508  mill.). 

3miU.). 

3  1/4  inches  (83  mill.). 

3  3/8  inches  (86  mill.). 

6  7/8  inches  (175  mill.). 

5  1/4  inches  (133  mill.). 

nm.). 

13/16  inch  (21  mill.). 

7/8  inch  (22  mill.). 

29/32  inch  (23  mill.). 

7/8  inch  (22  mill.). 

tMog.). 

14  lbs.  (6.35  kilog.). 

14  lbs.  (6.35  kilog.). 

29  lbs.  (13. 15 kilog.). 

27  1/4  lbs.  (12.36  kilog.). 

Four. 

Four. 

Four. 

Four. 

14  mill.) 

4  1/8  inches  (105  mill.) 

4  1/4  inches  (108  mill.) 

4  1/2  indies  (114  mill.) 

4  inches  (102  mill.) 

t  miU.). 

by  15/16  inch.  (24  mill.). 

by  7/8  inch  (22  mill.). 

by  7/8  inch  (22  mill.). 

by  7/8  inch  (22  mill.). 

kilcg.) 

1-87  lb.  (0.85  kilog.). 

1  7/8  lb.  (0.85  kilog.). 

1  1/2  lb.  (0.68  kilog.). 

1  1/2  lb.  (0.68  kilog.). 

np    and 

Steel — ^square  heads, 

Cup  head,  with  square 

Square  head  fitting  into  square 

Square  head.  Shape  of  fish 

d,   with 

with  pear-shaped 
shoulder  at  head  end. 

shoulders  at  head  end. 

recesses  in  one  of  the  fish 

plate  prevents  head  turn- 

ld«n   at 

plates. 

ing  while  bolt  is  being 

• 

screwed. 

e    used. 

Lock  nuts,  with 

Ibbotson's  patent  nut. 

Hexagonal  nut  with  Orover's 

Steel  nut. 

led     by 

differential  threads. 

Flat  circular  washer. 

patent  washer. 

No  washer  used. 

son  and 

fat    and 

seiiTely, 

elerred. 

.clied. 

Pear^haped-punched . 

Square  in  one  plate, 

circular  in  the 

other — punched . 

Circular — punched . 

Circular — punched. 

Yes. 

Yes. 

Yes. 

No — but  we  know  no 

w 

.«A 

better  one. 

9 

Yes. 

Yes. 

Yes. 

Yes. 

kllog.}. 

46  lbs.  (20.87  kilog.). 

56  lbs.  (25. 40  kilog.). 

44  lbs.  (19.96  kilog.). 

45  lbs.  (20.41  kilog.). 

uKChes 

107*5  square  inches 

116  square  inches 

112  square  inches 

107  square  inches 

irrte). 

(693.5  cent,  carrte). 

(748.4  cent,  carr^s). 

(732.6  cent.  carr^). 

(690.3  cent,  carrte). 

No. 

No. 

Only  in  special  tunnels 
where  noise  is  ezoessire. 

Yes— tarred  felt. 

• 

Yes. 

Yes. 

Yes. 

Yes. 

spikes, 

Two  7  1/2  inches  (190 

2  iron  spikes,  and 

Three  hollow  treenails  with 

Two  iron  spikes  6  inches 
(152  mill.)  long  and  13/16 

isnsils. 

mill.)  by  13/16  inch. 

2  wood  treenails. 

spikes  6  inches  (152  mill.) 

(21  mill.)  fang  bolts. 

long,   23/32  inch  (18  mill.) 
diameter  at  head,  tapering  to 
5/8  inch  (16  mill .)  diameter 
at  the  end,  which  is  specially 
formed  to  give  it  a  hold  in 

inch  (21  mill.)  diameter 
and  two  galvanised  steel 
screws  6  1/2  inches  (165 
mill.)  long  by  13/16  inch 

(21  mill.)  diameter. 

the  sleeper. 

w 

*• 

• 

• 

^^p 

^^F 

1 

H 

STATEMKNT  C.  —  Rail  connections.  (Coiifmua/iiin.)                               j 

B 

1 

Eniclatid 

and     Wh1«*.     {Continuatian.)                                                  ] 

London 

Hancb ester,  Shef- 

Midland 

North  Eastern. 

Sontb  B 

and  South  Western. 

field  &  Liacoloshire 

L 

Z 

(PI.  9  ) 

(PI.  li'.i 

(PI.  li  ) 

(PI  12.) 

[PlJ 

1 

Busptnded. 

Suspended. 

S»sp«ded. 

Stiap. 

^^1 

18  inche!  [if,-:  mill,). 

18  inches  (457  mil! ). 

Ig  inches  (457  mill.). 

IS  inches  (457  mill.). 

18  iacliea  £4 

^H 

fr 

4  ll/ieiacbes  (119  mill,) 

3  3/E  inches  (86  mill.). 

3  1/t  incliC!  (89  mill.). 

31/4  inches (S9 mill.) 

3  3,aineh«l 

^H 

e 

3/4  incl.  (19  mil!.). 

1  inch  (85  mill.) 

1  inch  (S5  mill.). 

1  inch  (85  mill,). 

7/8  inch  C 

■ 

'' 

Milbs.(9.01kilog.). 

14lbs.  (6.35kik>e.]. 

16  1bs.(7.86kilog.). 

13  1/Ilbs. 
(6.12kilog.). 

13  lbs.  (M 

^H 

8 

Four. 

Four. 

Four. 

Four. 

FoM 

6 

4i/gjucU»w(105niill,) 

4  3/tt  inches  (111  mill.) 

4  3/4  indies  (I£l  inilL) 
bjT/a  inch  (tZ  mill,). 

41/4  inch»(10S  mill.) 

4incliaG(f 
by  3/4  iaall 

^^^v 

by  is/ie  iflcl.  (8i  mill.). 

bj  7/8  inch  (E8  mill) 

by  1/8  inch  {88  mill,: 

^^M 

c 

1  i/4lb.  (0.51  tibg.). 

1  7/3  lb.  (0.850  kibg.) 

1  I/!  Ih.  [0.6S  kilog,). 

ll/IIb.(0.68kilog) 

ll/«ll..(0. 

^^H 

1 

Wroughl-iron  cup  headei 

Sleel.     Cup  beaded 

Steel.  Cup  headed,  with 

Cup  headed  wth 

Square  hut 

Willi  square  shoulder  al 

with   square   slioiilder 

pearsbapcd  shoulder. 

square    shoulder   nl 

lurning  ^ 

hend  end 

at  head  end. 

head  end. 

oSoaryi 

G 

Drdtnary  square  irun  iiul 

Ibltolion'K  patent 

lUbolson'a  luck  nut. 

Ordinary  square  iron 

^^^ 

aud  plain  washer. 

lock  nut  and  ordinary 
n-asber. 

iiul.Washer  used  in 

•odm 

6 

Square   in    one  plate  and 

Square  with  rounded 

Pear-shaped— drilled. 

SirIHr?the 

Circolw-I 

circular   ia  the  other — 

corners,  punched. 

^^^1 

punched. 

other.    Piucbed. 

^^^^ 

7    ir  flsh    plates   could   be 

Yes. 

Yea. 

Yes. 

Y« 

cfl)cl«nl1j,  -  DcMsionnl  - 

\ 

breakflgMof|)lal*!migl)l 

^^_ 

8     be  reduced  BliUlurther. 

" 

^^L 

a 

Yes. 

Yea, 

Ves, 

Yes. 

T« 

^^H 

lA 

*6  Iba,  (20.67  Itiloff). 

5llba.(83.13ki!og.). 

50  lbs,  (28,68  kilog.J. 

40  lbs.  (18.40  kilog  ). 

37  lbs.  (16.' 

^^H 

11 

97  square  inches 

117  square  iiiclicB 

10!  square  inchea 

I  OB  squ.ire  inches 

TOnuM 

^^H 

IX 

(625.Bcenl.  carrtsj. 
No 

(754.8  cent,  ctrrts}. 
No. 
Yea. 

(658.1  ce.a.  can*,). 
Yes. 

(696  cent.  carr*s). 
Yes', 

(451  .?Md 

^^H 

18 

Yes'. 

y, 

U 

Three  hollow  IrMoails  6 

!  apikee  and  8  oak 

2   cup-headed   n-rooght   iron 

Two   twist«d   spikes 

Two  wronri 

mchM(152>nilt)bvl  i/s 

treenails. 

ipikes,    a   s/8    inchfs    (168 
mill.)  long  bj  7/g  inch  (88 

in  opjiosile  corners. 

kM  withj£ 

inch     (S9     mill.)     with 

1  inside  and  1  out- 

o>klr««n>il« 

wrought -iron  Bpikoo  6 1/3 

mill.jdiameler. 

side. 

inches  (156  mill.)  hy  s/S 

8  oak  treenaJla,  6  l/l  inchea 

inch  (16  mill.). 

fi65  mill.)  long  b7 11/4  inch 
{3S  mill.)  diameter,  the  top 

^^^^M 

8   iBches  (51  mill.)   length. 

■* 

1 

le 

tapering  out  to  1   l/l  inch 
(sTmiir.,  diameter. 

- 

^L 

^^^^                                                  g 
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Scotland. 


Ireland. 


donian. 

1  14.) 


Glasgow  and 
South  Western. 

(PL  15.) 


Highland. 

(PL  16.) 


North  British. 

;P1. 17.) 


Great  Northern 
of  Ireland. 

(PL  18  et  19.) 


Great  Southern 
and  Western. 

(PL  20.) 


r  miU.)- 
BiaAm 

{  mill.)- 

16  inch 
inill.)- 

B  kiV^.). 


Four, 

inches  (108 
hw  7/8  inch 

1/2  lb. 
\  kilo^.). 
inp  lieaded 
boulders  at 


iry  square 

aped  in  one 
oidcircalar 


fee. 

rkiiogr). 


Ko. 


5  3/4  in- 
(146  miU) 
^  tncb  {22 


Suspended. 

18  inches 
(457  milL). 
3  1/2  inches 

(89  milL). 

7/8  inch 

(22  mill.). 

12  1/4  lbs. 

(5.55kik)g.). 


Four. 
4  1/8   inches  (105 
milL)  by  7/8  inch 
(22  mill.). 
1  lb.  7  oz. 
(0.65  kilog.). 
Soft  skeel  cup  hea- 
ded, oval  shoulder 
at  head  end. 

Ordinary  square 
nut. 

Oral  in  one  plate 
and  circular  in 
the  other.  Pun- 
ched. 

Yes. 


Yes. 

44  lbs. 

(19.96  kilog.). 

103  square  inches 

(664.5  cent,  carr^s) 

No. 

Yef. 

Four  spikes  each 

6inches(152mill.) 

by  7/8    inch   (22 

mill.). 


Suspended . 

18  inches 

(457  mill.). 

2  15/16  inches 

(75  mill.). 

3/4  inch 

(19  mill.). 

10  lbs. 

(4.54  kilog.) 


Four. 
4  inches  (102  mill.) 
by    7/8   inch  (22 
mill.). 

1  3/4  lb. 

(0.79  kilog.). 

Cup  headed,  pear 

shaped  shoulders. 


Ibbotson's  patent 
nut  and  washer. 

Pear-shaped 
punched. 


Yes. 


Yes. 

40  lbs. 

(18.14  kilog.) 

71-773  squ.    inch. 

(463.1  cent. carr.). 

No. 

Yes. 

On  curves,  3  spikes 

in  each  chair. 

Straights,  2  spikes 

in  each  chair. 


Suspended. 

18  inches 

(457  mill ). 

3  inches 

(76  mill.). 

3/4  inch 

(19  mill.). 

11  lbs. 

(4.99  kilog.). 


Four. 
4inches(102mill.) 
by  7/8  inch  (22 
mill.). 

1  lb.  3  oz. 

(0.54  kilog.). 

Cup  headed  with 

square  shoulders 

at  head  end. 

Ordinary  square 
nut. 

Square  in  one 

plate  and  circular 

in  the  other. 

Punched. 

Yes. 


Yes. 
40  lbs. 
(18.14  kilog.). 
98  square  inches 
(632.3  cent.carr^s) 
No. 
Yes. 
Two  malleable 
iron  spikes  6  in- 
ches (152  mill.) 
by  15/16  inches 
(24  mill.)  diame- 
ter   with    cup 
heads. 


Suspended. 

18  inches  (457  mill.). 

Bullhead  rail,  4  3/l6  inches 
(106  mill ).    Flat-bottomed 
rail,  4  l/2  inches  (114  mill.). 
3/4  mch(19mill.). 

For  bull-headed  rails  17  l/t 
lbs.  (7.94  kilog.).  For  flat- 
bottomed  rails,  19  l/2  lbs. 
(8.85  kilog ). 

Four. 

4  1/8  inches  (105  mill.) 

by  7/8  inch  (22  mill.). 

1  lb.  5  oz.  (0  60  kilog.). 

Cup  headed,  pear-shaped 
shoulder  at  head  end. 


Hexagonal  nut. 
No  washer  used. 

Pear-shaped — punched. 


Yee. 


Yes,  for  Bull-headed  rails. 
39  lbs.  (16.78  kilog.) 

87  square  inches 
(561.3  cent,  carr^s). 
No. 
Yes. 
3  cup-headed    spikes,  with 
square    shoulders    at    cup 
end,  6  inch  (152  mill.)  by 
7/s  inch  (22  mill.)  diameter 
at  head,  tapering  to  3/4  inch 
(19  mill.)  at  end. 


For  flat-bottomed  rails,  rails 
fastened  to  sleepers  in  the 
centre  of  the  rails  by  2  fang 
DONS  MM  enps,  el  eecn  eed 
of  the  rail  by  1  fang  bolt, 
at  one  end  of  the  rail  by  a 
fang  bolt  inside,  and  at  the 
other  end  by  a  iang  bolt  in- 
side the  road. The  remaining 
14  fastenings  being  spikes. 


Suspended. 

18  inches  (457  mill.). 

4  3/8  inches 
(HI  mill.). 

3/4  inch  (19  mjll.). 

15  lbs.  1  oz. 
(6.80  kilog.). 


Four. 
3  1/2  inches  (89  mill.) 
by  7/8  inch  (22  mill.). 

1  lb.  1  1/2  oz. 

(0.458  kilog.). 

Cup  headed  with 

square  shoulder  at 

head  end. 

Ordinary  nut. 
No  washer  used. 

Square — punched. 


No  chairs. 


Rails  fastened  to  slee- 
pers with  9  fang 
bolts  (6  outside 'rail 
end  9  inside),  and 
13  spikes  (5  outside 
the  rail  and  8  inside) 
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STATEMENT  D.  —  Keys  and  sleepers. 


QCESTIONS. 


Cambrian. 

(PI.  i.) 


Fnrness. 

(PL  2.) 


Great  Eai 

(PL  3 


1 


6 


8 


Keys, 


What  wood  is  used? 


Is  it  compressed? 


Particulars  of  metal  keys,  if  ased. 


Are  rails  keyed  on  inside  or  outside?, 


S  ieepers  -  "wood . 


What  kiad  of  wood  is  used  ?  . 


•  • 


Are  sleepers  creosoted,    or    treated 
with  other  antiseptic  ?   .     .      .      . 

Dimensions  : 


a)  Length 


b)  Breadth 


c)  Thickness 


Oak. 


Yes. 


Teak. 


No. 


Outside. 


Inside-but  outside  keying 
is  now  being  adopted. 


Baltic  redwood. 


Creosoted. 


Baltic  redwood. 


Creosoted. 


Are  they  placed  in   the  road  heart 
side  or  waney  side  upwards?    . 


9  feet  (2°»743). 


10  inches  (254  mill.). 


5  inches  (127  mill.). 


Waney  side  upwards. 


8  feet  11  inches  (2-718). 


10  inches  (254  mill.). 


5  inches  (127  mill.). 


Waney  side  upwards. 


Oak. 


No. 


Outsic 


Baltic  red 


Greosol 


8  feet  11  mche 


10  inches  (2S 


5  inches (12' 
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Biral< 


t  Kort]i6ni< 

(PI.  4.) 


Great  Western. 

(PI.  5.) 


Lancashire 
and  Torkshire. 

(PI.  6.) 


London,  Brixton 
and  South  Coast 

(Pi.  7.) 


London 
and  North- Western 

(PI.  8.) 


Fir. 


Outside. 


e  redwood  fir. 


iioebes(2«^18). 


Oak. 


Yes. 


Outside. 


Memel. 


Creosoted. 


9feet(2'»743). 


Pine. 


Yes. 


Outside. 


Bdtic. 


Creosoted. 


(254  mill).      10  inches  (254  mill.). 


(127  mill.). 


%  wte  apwards. 


5  inches  (127  mill.). 


Majoritj-waney  side 
upwards. 


9  feet  (2»743). 


10  inches  (254  mill.). 


5  inches  (127  mill.). 


Heart  side  upwards. 


Oak. 


Yes. 


Outside. 


Baltic  redwood. 


Creosoted. 


9  feet  (2'»743). 


10  inches  (254  mill.). 


5  inches  (127  mill.) 


Wanej  side  upwards. 


Oak. 


Yes. 


Outside. 


Red  pine  or 
Pinus  sylvestris 

Creosoted. 


9  feet  (2«743). 


10  inches  (254  mill.). 


5  inches  (127  mill.). 


Waney  side  upwards. 


28 


STATEMENT  D.  —  Keys  and  sleepers.   {Continuation,) 


ESo^laad    and   m^ales*    (ConUnuation.) 


M 

m 

D 

2 


London  and 
Sontii  Western. 

(PI.  9.) 


Manchfliter 

Sheffield 

and  Lincolnihire. 

(PI.  10.^ 


IDdland. 

(PI.  11.) 


fiorth  Eastern. 

(PI.  12.) 


SonUiEa 

(Pl.t 


1 


2 


English  oak. 


Yes. 


Outside. 


6 


Baltic  redwood  fir. 


Creosoted 


a 


c 


8 


9  feet  (2»743) 


10  inches  (254  mill.). 


5  inches  (127  mill.). 


Waney  side  upwards. 


Elm. 


Yes. 


Oak. 


No. 


Oak. 


No. 


Outside, 


Baltic  red  woe  d. 


Creosoted, 


9  feet  (2'"743). 


10  inches  (254  mill). 


5  inches (127  mill.) 


Heart  side  upwards. 


Outside. 


Memel. 


Creosoted. 


Outside. 


9  feet  (2»743). 


10  inches  (254  mill.). 


5  inches  (127  mill.) 


Heart  side  upwards. 


Riga  redwood  and 
Scotch  fir. 


Creosoted. 


9  feet  (2"743). 


10  inches  (254  mill.). 


5  inches  (127  mill  ). 


Heart  side  upwards. 


Heart  oi 


No 


Outsid 


Baltic  red 


Creosot 


9  feet  (2' 


10  inches  {2z 


5  inches  (127 


Waney  side  o 
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SootI 

And. 

Ireland. 

•L  14.) 

Glasgow  and 
South  Wdstern. 

(PI.  15.) 

Highland. 

(PI.  16.) 

North  British. 

(PI.  17.) 

Great  Northern 
of  Ireland. 

(PI.  18  and  19.) 

Great  Southern 
and  Western. 

(PI.  20.) 

Oak. 

Teak  and  oak . 

Teak. 

Oak  and  Teak. 

Oak. 

i 

No. 

No. 

No. 

No. 

No.» 

i 

n 

No  keys  used  on 

\    this  line  as  there 

are  no  chairs. 

NUnde. 

Outside. 

Outside. 

Outside. 

Inside. 

teitivood. 

Baltic,  redwood. 

Scotch  fir 
and  larch . 

Red  pine 
and  Scotch  flr. 

Baltic  flr. 

Bailie  redwood . 

ntCMoln. 

Creosoted. 

Creosoted . 

Creosoted. 

Creosoted . 

Creosoted . 

«il  tncbM 
pi^iS). 

8  feet  11  inches 
(2«718). 

9feet(2'n743). 

9  feet  (2»743). 

8  feet  11  inches 
(2-718). 

9feet(2«743.). 

UMiM 

10  inches 
(254  mill.). 

10  inches 
(254  mill.). 

10  inches 
(254  mill.). 

10  inches 
(254  mill.). 

10  inches 
(254  mill.). 

Hafll.)- 

5  inches 
(127  mill.). 

5  inches 
(127  mill.). 

5  inches 
(127  mill.). 

5  inches 
(127  mill.). 

5  indies 
(127  mill.). 

Imjside 

I 

Waney  side 
upwards. 

Waney  side 
upwards. 

Waney  side 
upwards. 

Waney  side 
upwards . 

Waney  si^e 
upwards. 
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s^flfcWWMSri.  -  Ballast. 


i 


^K^IW^ 


a^  Mtom  ballast 


^      il^iiN*%  wW»»«Af 


^     ^^^^irf^WUMtt  ballast   .     .     .     . 

4     U^  sHj*J^>»«t.  wbtlher  screened  or  not. 
1     !^>»mlt  viMd  ior  top  ballast 


<  ■  • 


X^'itteets  ot  top  ballast   .     . 

t»  Ibe  Kn»  baUasl  laid  above  the  top 
va  lb«  »!«•?««•,  and  if  so,  to  what 
♦tltult 


What  advantages  are  found  to  result 
(Vom  the  use  of  the  material  selected 
lUrballastf 


Gannbrian. 

(PI.  i ) 


Pitched  stone. 


FurnesB. 

(PI.  2.) 


Great  & 

rPL; 


Stone  or  slag. 


Burnt  balltt 
with  good  TW 


2  ill  inches  (63  mill.). 


12  inches  (305  mill.). 


Not  screened. 

Qravel  or  refuse  from 
lead  mines. 


12  inches  (305  mill.). 


12  inches  (S 


Gnders  generally. 


12  inches   (305  mill.).       7  inches  (178  mill.). 


Top  of  sleeper  in  middle. 
Top  of  rail  on  outside. 


Gravel  good.  Ashes 

better. 

Refuse  of  lead  mines  best 

in  preserving  sleepers. 


Yes.  1  inch  (25  mill.) 


Good  roug 

to  pass  throuf 

r51  mill; 


Firmness,  dryness,  and 
absence  of  dust. 


Finished  hei( 
level  with  tof 
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Wmlet 


Morthem. 
[PI.  4.} 


Great  Western. 

(PI.  5.) 


Lancashire 
and  Torkshire. 

(PI.  6.) 


London,  Brighton 
and  South  Coast. 

(PI.  7.) 


London 
and  North  Western. 

(PI.  8.) 


in  stone 


daj  elsewhere. 


(51  mill.). 


(305  mill.). 


wns 


<^  hard 


it  (3«9  mill.). 


pi  mill). 


9&ninage. 


Stone  and  slag, 
according  to  locality. 


Smallest,  3  inches 
(49  mill.)  cube;  largest, 
6  inches  (98  mill.)  cube. 

12  inches  (305  mill.). 


Screened. 

Stone,  and  slag,  and 

gravel,  according 

to  locality. 


6  inches  (152  mill.). 


Sometimes  about 

4  inches  (102  mill.)  on 

outside,  and  1  i/2  inch 

(38  mill.)  on  inside. 


Hand  -  packed  stones , 
9  inches  (229  mill.) 
deep, capped  with  3  in- 
ches (76  mill.)  of  ashes 
wherever  the  stones 
can  be  obtained,  and 
where  these  cannot  be 
obtained.hard  clinkers 
capped  with  ashes. 


12  inches  (305  mill.). 

Not  screened. 
Ashes. 


9  inches  (229  mill.). 


No. 


Ease  of  running. 


Chalk  or  broken  stone. 


Broken  stone ,  slag , 
cinders ,  gravel ,  as 
may  be  most  readily 
and  economically  ob- 
tained. 


12  inches  (305  mill.). 


Qravel. 


12  inches  (305  mill.). 


Any  size  up  to  the  depth 
of  the  bottom  ballast. 


From6inch.(152mill.) 
to  9  inches  (229  mill ). 

Generally  screened. 

Broken  stone ,  slag , 
cinders ,  gravel ,  as 
may  be  most  readily 
and  economically  ob- 
tained. 

9  inches (229  mill). 


About  3  inches 
(76  mill.)  above. 


No. 
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STATEMENT  E.  —  Ballast.  {Continuation.) 


T. 


Eagland    and   Wales.  {Continuation.) 


London  and 
South  Western. 

(PI.  9.) 


Manchester. 

Sheffield 

and  Lincolnshire. 

(PI.  10.) 


Midland. 

(PI.  11.) 


North  Eastern. 

(PI.  12) 


South  El 

(PI.  1 


Drj  lump  chalk,  rough- 
ly broken  stone,  or 
coursed  stony  ballast. 


5 


6 


8 


9  inches  (229  mill.). 


Gravel  orThames  river 
ballast  and  in  West  of 
England  stone  ballast, 
broken  to  pass  through 
2  inch  (51  mill.)  ring. 


9  inches  (229  mill.). 


Not  much  above 
sleeper. 


Stone  bottom  more 
i^uitable  than  gravel 
where  obtainable,  as 
it  facilitates  drainage. 


Stone  pitching   9  in- 
ches (229  mill.)  thick. 


Hand  pitched. 


9  inches  (229  mill.). 


Selected  engine  ashes. 


Ditto, 


6  inches  (152  mill.). 


Yes. 
8  inches  (76  mill.). 


Very  good  drainage  and 
preservation  of  mate- 
rials. 


Slag  or  atone, 


Hand*packed,  8  in- 
ches (203  mill.) 
deep. 


11  inches  (279  mill). 


Clean  sharp  gravel, 
ashes,  slag  chip- 
pings,  or  granite 
chippings. 


6  inches  (152  mill.). 


Aahesi  stone,  or 

graTsl. 


2  inches  (51  mill.). 


Ballast  (ott 
rough  b«lla 
arailable  a 


12  inches  (305  mill.). 


Not  screened. 


Coke  ballast  from  fur- 
naces, cinders . 


No. 


Good  drainage.  Ab- 
sence of  dust  (with 
slag). 


6  inches  (152  mill.). 


Level  with  the  top  of 
the  sleeper. 


Cinder  ballast  gives  an 
easy  running  road,  is 
economical ,  drains 
easily ,  is  packed 
easily,  and  does  not 
set. 


6  inches  to 
(1521303 


Loco  cinden 
ned. 


Sea  beach  an 
river  grave 


6  inches  to 
(152  a  30J 


About  5 
(ir?  milt.)  { 
sleeps 


Better  preset 
tlie  vlcepets 
and  additic 
diness  of  tl 
nent  way. 
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Soollaii<v, 


4.) 


Glaigowand 
Sooth  Western. 

(PI.  15.) 


flighland. 

(PI.  16.) 


North  British. 

(PI.  17.) 


Ireland. 


Great  Northern 
of  Ireland. 

(PI.  18  et  190 


Great  Southern 
and  Western. 

(PL  20.) 


Iron  slag 


2  i/4  inch 
(57  mill.)  ring. 


10  inches 
(E54mill.). 


Iron  slag. 


5  inches 
(127  mill.). 


Level  with  top  of 
sleeper. 


P^^ 


Clean  hard  gravel 
or  hrok«islone. 


Not  exceeding 
4  inch.  (102  mill.). 


12  inches 
(305  mill.). 


\       All  kinds. 


Clean  gravel  or 
broken  metal  not 
exceeding  2  in- 
ches (51  mill.) 
mesh. 


6  inches 
(152  mill) 


No, 


1^ 


The  road  is  kept  dry 
and  easily  piacked 
ap  with  iron  slag 
balU8t,and  (he  bal- 
last lasts  a  very 
long  time. 


Qood  drainage  and 
firmness  of  road. 


Stone  pitching. 


6  inches  (152  mai). 


Screened* 


GfWfeU  broken 
arlooe  and  cinders. 


1  foot  3  inches 

(381  mill.) 

to  1  foot  6  inches 

(457  mill.). 


Ballast  laid  to  un- 
derside head  of  rail 
and  'channelled  in 
centre  of  sleeper. 

Good    drainage    of 
permanent  way. 


Stone. 


2  inch  (51  mill.) 
ring. 


10  inches 
(254  mill.). 


Gravel. 


10  inches 
(254  miU.). 


No. 
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STATEMENT  Al.  —  Rails. 


QUESTIONS. 


Chesapeake 
and  Ohio. 

(PI.  21.) 


Chicago,  Bur- 
lington &Qiiincy. 

(PI.  22.) 


Illinois  central. 

(PL  23.) 


Lake  shi 
chiganS 

(PL 


I   Weight  of  rail. 


Par  m^tre. 


Per  yard . 


Leogth.     .     . 
Holes  ibr  fish  bolts  : 

a)  Number 

h)  Shape 

o)  DfsUmce  apart  from  centre 

to  centre  of  holes.     . 
d)  Distance  from  end  of  rail 
to  nearest  hole    . 
Ih  linerelaid  when  rails  wear  down 
to  a  minimum  weight  per  yard  ? 


If^so,  f^ye  weight. 


Is  line  relaid  when  rails  wear 
down  to  minimum  thickness 
of  top  flange  or  minimum 
depth  over  all  ? 


If  so,  give  thickness  and  depth . 

Have  you  made  use  of  rails  of 
unusual  length,  60  feet  (i8°'19) 
or  upwards  % 


If  so,  state  object  and  with  what 
result 


31  kilog. 

75  lbs. 

30feet(9»14). 

Six. 
Circular. 

5  inches  (127  mill.) 

i  15/16  inches 
(49  milL). 


Rails  are  renewed 
when  necessary, 
in  judgment  ol 
engineer. 


No. 


37  kilog. 

75  lbs. 

30  ieet  (9»14). 

Six. 
Circular. 

5  inches  (127  mill.). 

2  3/8  inches  (60  mill.) 

No  minimum  weight. 


34  1/2  a  37  kilog. 

Drawings  dat<^  1894  show  70  lbs.  1 

j  and 75  lbs.  per  lineal  yard.  Pre-[ 

(  vious  dates  show  lighter  sect"'.) 

30  feet  (9»14). 

Four. 
Circular. 

4  1/2  inches  (114  mill.). 

2  13/64  inches  (56  mill.). 

No  minimum  weight. 


No  minimum 
thickness  or  depth. 


No. 


No  minimum  thickness  or 
depth. 


No. 


35  1 

71 

30  feet 

Fe 
Circ 

6  inches  | 

2  15/K 
(74  1 


We  relay 
become  I 
too  badi 
make  sm 


> 
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A  Central  and  Hudson  River. 

(PI.  25-26  and  27.) 


Pennsylvania 

(PI.  28.) 


Inclifi. 


East  Indian. 

(PI.  29.) 


A^ustralfa* 


New  South  Wales 
Government  Railways. 

(PI.  30  and  31.) 


1/2,  37,  39  i/2  and  49  l/2  kilog. 

,  70,  75,  80  and  100  lbs. 

30  feel  (9"14). 

Six. 
Circular. 

5  6/iO  inches  (142  mill.). 

2  7/10  inches  (69  mill.). 

s  not  been  found  practicable  with  us 
rails  down  to  the  so-called  residual 
Ve  ranew  rails  whenever  the  surface 
rough  from  uneven  wear,  and  the 
>l  stiff  enough  for  the  traffic  loading. 


it  of  wear  are  noted,  «  minimum  ••, 
t  •  and  •  maximum  «*. 

is  upon  level,  straight  line, 
of  65  lbs.,  70  lbs.  and  75  lbs. 
ft«l  37  kilog.  par  m^tre).  Sections 
iTBgh  when  the  loss  of  metal  reaches 
reent.  per  yard, 
rear  is  upon  gradient,  straight  lines, 

becoming  rough,  and  are  renewed 
t  loss  of  metal  reaches  6  to  10  per 
yard. 

wear  is  upon  gradients  combined 
Tatare,  and  the  rails  are  renewed 
onter  rail  of  the  curve  has  from  3/8 
fa  (10  a  13  mill.)  side  wear  while  the 
near  reaches  hardly  one-half  as  much. 
inch  to  3/8  inch  (6  a  10  mill.)  on  the 
1  from  1/32  inch  tol/i6  inch  (0™°»8 
Ml  the  base. 

i.  The  use  of  greater  lengths  than 
[9"^i4)  is  only  in  the  experimental 
d  is  under  trial  and  consideration . 
8"29)  lengths  seem  to  promise  well, 
xpect  of  substantial  economy  in 
eoee  of  way  expenses. 


1875  Standard,  30  kil. 
1887  Standard,  42  kil. 
1889  Standard,  341/2  k. 
1875  Standard,  60  lbs. 
1887  Standard,  85  lbs. 
1889  Standard.  70  lbs 
30  feet  (9'»14)  . 

Six. 
Circular. 

First  to  second  5  in,  (127  mill.), 

second  to  third  6  in.  (152  m.). 

1 15/16  inch  (49  mill.) 

Yes. 


42  kilog. 

85  lbs. 

30  feet  (9«14). 

Four. 
Oval. 

6  inches 

(152  mill.). 

2  7/8  inches 

(73  mill.). 


Varies. 


With  the  old 
rails  the  ends 

Governedby  wearof  topof  rail.|   f^:^^   ^wom 

out  yet.  So 
far ,  there  - 
fore,  we  have 
not  fixed  any 
minimum 
weight. 


Yes.  We  have  used  60  feet 
(18«29)  rails. 


To  save  joint  material,  but  found 
them  heavy  to  handle ;  if,  how- 
ever, difficulty  of  handling  can 
be  got  over  and  improved  service 
in  the  road  can  be  proved,  think 
60  feet  (18«29)  none  too  long. 


No. 


Bull-headed  rails,  39  l/2  ktlog. 

Flat-bottomed,  39  l  '2. 35  1/2  and 

30  kilog. 

Bull-headed  rails,  80  lbs. 

Flat-bottomed,  80,  71  1/2,  and 

60  lbs. 

30  feet  (9°»14). 

Four. 
Circular. 

4  l/2  inches  (114  mill.). 

2  3/8  inches  (60  mill.). 

Yes. 


80  lbs.  (39 1/2  kilog.).  Bull-headed. 

No  information. 
80  lbs.  (39  1/2  kilog.).  Flat-botto- 
med  rails  to  70  lbs.  (34  l/2  kilog.). 
71 1/2  lbs.  (35 1/2  kilog.).  Flat-bot- 
tomed  rails  to  65  lbs.  (32  kilog.). 
60  lbs.  (30  kilog.)  Flat-bottomed 

rails  to  56  lbs.  (28  kilog.). 

General  condition  of  rails  taken 

into  consideration . 


No. 
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STATEMENT  B 1.  —  Manufacture  and 


of  rails. 


QUESTIONS. 


Chesapeake  &  Ohio. 

(PI.  21.) 


Ghicagt),  Bor- 
lingfUmftQuincy. 

(PI.  22.) 


niinoia  centraL 

(PI.  23.) 


Lake  She 
cUganft 

(PI.! 


'Bj  what  process  is  the  steel  for 

nils  mann&ctured  t 

«)  Bessemer  add    .     .     .     . 

b)  Siemens  Martio  acid    .     . 

€)  Basic    in  Siemens  Martin 

hearths 

To  what  tests  are  rails  subjected 
to  before  acceptance  t 
a)  Bending 


Bessemer. 


No  particular  process 
specified. 


Bessemer  acid. 


h)  Chemical, 


Rails  themselves  not  tes 
ted,  but  the  steel  from 
which  ihej  are  made  is 
tested  as  follows:  Two 
test  pieces  4  inch 
(102miU.)long,  8inch 
bj  3  inches  (76  mill,  b;^ 
76  mill.)  from  the  first 
and  last  mgots  run.  Each 
of  these  are  drawn  out  a 
one  heat  bj  hammering 
to  bars  l/tinch  (3.23  cent, 
carrte)  square.  Whenl 
cold,  tiiis  bar  must  bend 
to  an  angle  of  90  degrees 
without  breaking. 


Rails  not  subjected 
to  any  physical  test, 
but  they  are  purcha 
sedunder  a  fiveyears' 
guarantee,  and  alfl 
rails  that  fail,  on 
become  unduly  worni 
or  battered  within\ 
the  five  years,  are/ 
replaced  by  the  ma- 
nufacturers, who 
also  have  to  bear  the 
cost  of  replacing  the 
rails,and  the  expense 
of  delivering  the 
along  the  line. 


Rails  themselves  not  tes- 
ted, but  the  s(eel  from 
which  they  are  made  is 
tested  as  follows  :  Two 
test  pieces  4  inches 
(102mill  jlong.3inchei 
by  3  inches  (76  mill,  byl 
76  mill.)  from  the  firsiV    Usual  i 


and  last  ingots  run./ 
Each  of  these  are  drawn 
out  at  one  heat  by  ham- 
mering to  bars  l/S  inch 
square  (3.23  cent.  carJ 
r6s).  When  cold,  thisi 
bar  must  bend  to  an 
angle  of  90  degrees 
without  breaking. 


c)  Tension 

Breaking  weight  |  squ.  inch. 

in  tons,  per  .    .  }  cent.  car. 

Extension,  per  cent    .     . 

Contraction  of  area,  per  cent. 

Particulars   as  to    the    relative 

merits  of  hard  and  soft  steel 


Carbon,  as  high  as  possi- 
ble, on  heavy  sections, 
not  to  exceed  .50  per 
cent. 


Much  prefer  hard  steel. 


Use  as  hi 
can  be 
being  ha 
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k  CSentral  &  Hudson  River. 

(PI.  25-26  and  27.) 


Pennsylvania. 

(PI.  28.) 


Ia<ila* 


East  Indian. 

(PI.  29.) 


A^iistralla, 


New  South  Wales 
Governifient  Railways. 

(PI.  30  and  31.) 


Bessemer  acid. 


No  beoding  test. 


Bessemer . 


No  bending  test 


Prefer  Siemens  Martin. 


letermination  for  every  «  heat,« 

ttwoeomplete  analyses  per  day. 

80  lbs.  100  lbs. 

09i/2k.i.        (49i/5k.). 

...  -55  to  -60  -65  to  -75 
.  .  .  10  to  -15  10  to  -15 
...    -SOtoiCO  -80  to  100 


BOt     to 

•  • 

I     not 
i  .     . 

will  ( 

I  .    .) 
jcar- 

I  will 

i  .    . 


•069 
•060 


•55 


•65 


■069 
•060 


•60 


75 


toxis  per  square  inch . 
M3  tonnes  per  cent.  carr6. 
percent. 
pvc«it. 

k  tlcel  DOW  required  to  sustain 
'  Inflic  •  wheel  loading  »  with 
Inlie  limit  •  to  prevent  taking 
Bit  set  •.  At  the  present  time 
iirboD  rtllf  arecarnring  relati- 
1  heavier  traffic  loads  than  for- 
did. 


Rails  tested  chemi 
cally,  but  details 
not  given. 


Rail  to  be  placed  on  iron 
bearings,  3ft.  6in.  (1«»067)  clear 
apart.  Deflection  not  to  exceed 
3/8  of  an  inch  (10  mill.),  after 
a  weight  of  28  tons  (23.450 ton- 
nes) has  been  suspended  from 
the  centre  for  half  an  hour.  No 
permanent  set  after  removal 
of  weight .  Same  rail  suppor- 
ted as  before,  to  receive  two 
blows  from  a  weight  of  a  ton 
(1,016  Icilog.)  falling  a  height 
of  2-5  feet  (7™62).  Permanent 
set  from  first  blow  not  to  exceed 
2  1/2  inches  (63  mill.)  totol 
deflection,  after  both  blows  not 
to  exceed  5  inches  (r27  mill.). 
The  rail  must  then  be  broken 
by  further  blows,  when  it  must 
have  a  perfectly  sound  and 
homogeneous  fracture. 


Not  specified. 


Bessemer. 


Portions  of  the  rails  4  feet  6  inches 
(1^371)  long  on  same  bearings,  to 
carry  a  suspended  load  of  25  tons 
(25.4  tonnes)  with  a  permanent 
set  not  exceeding  1/4  of  an  inch 
(6  mill.). 

Piece  of  rail  4  feet  6  inche»(l»372) 
loQfiff  placed  on  iron  bearings 
3  feet 6  inches  (lm067)  clear  apart, 
to  receive  three  blows  from  the 
weight  of  a  ton  (1,016  kilog.) 
falling  6  feet  (1^829) ;  the  deflec- 
tion from  these  three  blows  to  be 
not  less  tlian  3  1/2  inches  (89  mill.) 
and  not  more  than  four  inches 
(103  mill ).  It  is  then  to  receive 
two  more  blows  from  a  height  of 
12  feet  (3'n66),  the  deflection  from 
these  last  two  blows  to  be  not  less 
than  8  1/2  inches  (216  mill  ),  nor 
more  tlian  10  inches  (254  mill.). 
No  chemical  lest  specified. 


44  tons  per  square  inch. 

(6.93  tonnes  per  cent,  carrd.) 

14  per  cent. 

38  per  cent. 

Although,  as  stated  above,  the  drop 
test  is  relied  upon,  the  figures  here 
given  show  the  average  quality  of 
steel  supplied  for  rails  for  ibis 
colony,  and  they  are  found  to  wear 
satisfactorily,  while  the  number 
of  fractures  is  moderate. 
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STATEMENT  Cl.~  Rail  connections. 


to 

es 
H 

a 

S 
D 


QUESTIONS. 


Chesapeake  and  Ohio 

(PI.  21.) 


2 

a 
b 
c 
d 

3 

b 
c 


6 


9 
a 
b 

10 

11 

12 

13 

14 

15 


16 


Is  the  joint  suspended  or  supported  in  a  joint  chair  or  on 
sleepers* 

Fish  plate : 

a)  Length ....  

6)  Depth 

c)  Thickness 

d)  Weight 

Fish  bolts  : 

a)  Number      ...  

b)  Size 

c)  Weight 

Description  of  fiih  bolt 

Description  of  nut  (and  washer  if  any) 

Are  holes  in  fish  plates  square  or  circular,  punched  or  drilled  t 

Does  the  form  of  joint  used  give  satisfaction?     •     .     •     • 

If  not,  in  what  respect  is  improvement  required  with  a  view 
to  securing  uniform  strength  of  road  throughout?  . 

How  are  rails  secured  to  sleepers  ? 

a)  Wood  sleepers  with  chairs 

6)  Wood  ditto  without  chairs 

Weight  of  chair 

Base  of  chair  area,  in 1  "^T^A""^^'  U  * 

'  (  centimMrescarr^s. 

Is  felt  or  other  material  placed  between  chair  and  sleeper?  . 

Are  the  chairs  on  each  side  of  the  joint  of  the  same  pattern  as 

the  rest?  If  not,  jjive  particulars 

Full  particulars  of  mode  of  attachment  of  chair  to  sleeper   . 

Full  particulars  of  attachment  of  each  fiat-bottomed  rail  to 
Sleeper   •«..........••• 

Bearing  area  of  fiat-bottomed  rail  on  \  ^^^^^  *"^^*^^  *     ' 
'^^P*''^" I  cenlimMre.carr*s. 


Suspended. 


34  inches  (864  mill.). 
3  1/4  inches  (83  mill.). 

3/4  inch  (19  mill.). 
29  lbs.  (13.15   kilog.). 


Six. 


3  7/8  inches  (98  mill.)  by  3/4  inch 
1'30  lbs.  (0.59  kilog.). 

Cup  headed,  with  oval  shoulder  at 

Hexagonal  nut  with  wash 

Inside  plate,  round.  Outside  pla 
Punched . 
Yes. 


Yes. 


No  chairs  used, 


By  two  spikes,  5  12  inches  {U 
by  9.16  inch  (14  mill.). 

41  5/S  inches. 
268.6  centimetres  carr^s 


America. 
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Chicago,  Burlington  and  Quincy. 

(PI.  22.) 


Illinois  Gentxal. 

(PI.  23.) 


Supported  on  sleepers. 
ire  laid  wilh  broken  joints,  t.  e.  joints  on  one  line 
are  opposite  the  centre  of  the  rail  of  the  other 
splice  bar  five  inches  long  (of  same  section  as  Ash 
islwUed  to  the  centre  of  each  rail  opposite  the  joint 
}tberliae  of  rail.  These  splices  are  bolted  to  the  rail 
le  7/8  inch  (22  mill.)  bolt  and  spiked  to  the  tie  with 
l:e  OD  each  side. 

38  inches  (965  mill.). 

3  1/2  inches  (89  mill.). 

5/8  inch  (16  mill.). 
32-3  lbs.  (14.65  kilog.). 


Six. 

inches  (102  mill.)  by  7/8  inch  (22  mill.). 

1  1/2  lb.  (0.68  kilog). 

Bad*  shape  of  fish  plates,  prevents  head  turning 
when  bolt  is  being  screwed. 
Hexagonal  nut. 

Round . 

Yes. 


Supported. 


20  inches  (508  mill.). 

3  19/32  inches  (91  mill.). 

7/8  inch  (22  mill.). 

19  lbs.  (8.62  kilog.). 


Four. 

4  inches  (102  mill.)  by  3/4  inch  (19  mill.). 

1  lb.  each  (0.453  kilog.). 

*  Cup  headed,  with  oval  shoulder  at  head  end. 

Square  nut,  •*  Verona  »  lock  nut. 

Circular  in  one  plate  and  oval  in  the  other.  Punched. 

Yes. 


Yes. 


Yes. 


No  chairs  used. 


No  chairs  used. 


kes,  5  1/2  inches(140  mill.) by  9/16  inch (14  mill.). 

38  1/2  inches. 
248.4  centimetres  carr^s. 


By  two  spikes,  5  l/2  inches  (140  mill.) 
by  9/16  inch  (14  mill.). 

75  lbs.  rail,  38 1/2  indies. 

70  lbs.  rail  37  inches. 

37  kilog.  rail,  248. 3  cent.  carr6. 

34  1/2  kilog.  rails,  238.7  cent,  carres. 
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STATEMENT  C/.  —  Rail  connections.  {Continuation.) 


A^merlca.  (Continuatioti.) 

New  York  Central  and  Hudson  River. 
(PI.  25-26  and  27.) 

Supported  on  three  sleepers,  the  centre  one 
centrally  under  the  joint.  The  rails  are 
laid  with  broken  joints*  t.^.,  joints  on  one 
line  of  rails  are  opposite  the  centre  of  the 
rail  of  the  other  bne. 

36  inches  (914  mill.). 

3  3/4  inches(95  mill.)  to 4  3/4  inches(121  mill.) 
9/16  iDch(14  mill.)8teel,5/8inch{16  mill.)iron. 

Rails 05         70         7h         80         Itt) 

IbA.  per  yard 
or 32>a     34  V>     a?7         3Q'/»       49  Va 

kilog.  per  metre 
Fishplates.  .     54         »         64 'fa     6« Vi       8J 

lbs.  per  pair 
or 14  Vi     KJIf     »>/>     »V4       36»j!> 

kil<^.  per  pair 
Six. 

4  1/8  inches  (103  mill.)  by  3/4  inch  (19  mill.) 

diameter. 

l)b.  1  3/4  OB.  (0.503 kilog.). 

Cup  headed  with  square  shoulder 

at  the  head  end. 

Square  nut,  no  washer  used. 

Square  in  one  and  round  in  the  other. 
Punched. 
Gives  great  satisfaction. 
Only  by  discarding  all  so-called  joints  alto- 
gether and  adopting  some  form  of  com- 
pound continuous  rail. 

Yes. 


No  chairs  used . 


Lake  Shore  and  Ifichigan 
Sontlieni. 

(PL  24.) 


PennsylT 

(PI.  2S 


2 
a 
b 
c 


I 


3 
a 
b 

c 

4 


5 

6 

I 
8 

9 

a 

b 

10 

11 

12 
13 

14 

15 


Supported. 


24  inches  (610  mill.). 

3  1/2  inches  (89  mill.). 

3  4  inch  (19  mill.). 

20  I'S  lbs.  (9.30 kilog.). 


Four. 

3  3/4  inches  (95  mill.) 

by  3/4  inch  (19  mill.). 

•82  lbs.  (0.37  kilog.). 

Cup  headed  with  otsI  shoulder 

at  head  end . 

No    washer   used.    Differential 

Thread  on  bolt. 

Inside  pbte  oval;  outside  plate 

circular. 

Not  in  all  respects. 

.\  joint  fastening  which  is  as 

strong  as  the  rail  is  required. 


Yes. 


Suspend 


34  inches  (86^ 

3  1/8  inches  f 

Varies  from  3/4  iach 

ri9  mill,  el  2 
28  4/10  lbs.  in  steel 


Six. 

4  1/4  inch  (108  mill 

(19  mill 

96/100  of  a  lb.  (0 

Cup  headed  with  < 

at  head  < 

Square  nut  and  was 

(6  mill.)  section 

Oval.  Pun 

Not  univei 
Shorten  the 


Yes. 


No  chairs  used. 


No  chairs 
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By  two  spikes,  5  i  '2  inches 
140  mill.) by  9/i6  inch(14  mill.). 


245.2  millimetres  cnrr*s. 


38  inches. 


Four  clips  and  screws  to  Uie  sleeper  on  each 
side  01  joint.  Intermediate  fastenings,  two 
5  inches  (125  mill.)  by  5/8  inch  (16  mill.) 
screws 

lUils.  .  .*.       C5  TO  75  80     100 

or .•«  1,',       34 1/,     ■  37  39       -I9i/j 

4l»'«^    'Al^t,       45       4i\k 


Area  .... 


401, 


L 


or 


square  Inches. 
2C1.3      M8.5      >758      »0     319.4 


centim.  carres 


By  two  spikes  5 1/2  i 
by  9/16  inch  {\ 


232.3  centim^tr 


36  inch* 
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India 


A^ustralla 


(PI.  29.) 


New  South  Wales  Ctoyemment  Railways. 

(PI.  30  and  31.) 


Suspended 


Suspended . 


For  80  Ite.  (39  Vi  kilof.  par  mttrt) 


(559  miU.). 
/4  nches  (108  mill.). 
2  iMdi(24l/2mill.). 

t/klbs.  (12.9kilog.). 


18  inches  (457  mill.). 

3  inches  (76  mill.). 

13/16  inch  (21  mill). 

10  1/2  lbs.  (4.76  kilog.). 


Four. 
bes  (121  mill.)  by  7/8  inch 

(22  mill.) 
58  lb.  (0.72  kiloff.) 
id,  ahapeof  fish  plate  prevents 
f  when  bolt  is  being  screwed 

bead  with  washer  i/8  inch 
(3.2  mUl.). 
Circular. 

I  good  as  any  other. 


Yes. 

)ilw  (13.61  kilog.)- 
86  aquare  inches. 

8  eentim^tret  carr^. 

No. 

Yes. 
I,  6  7/8  inches  (175  mill.)  bj 
l/c  inch  (19  mill.). 


,6  centimetres  carr^. 


50  inch^. 


Four. 

4  l/8  inches  (105  mill.),  by  7/8  inch 

(22  mill.). 

1-28  lb.  (0.581  kilog.). 

Cup  headed,  with  oval  shaped  shoulder 

at  head  end . 

Hexagonal  nut. 


For  80  Ikt.  (3t  Vs  kHof.  par  M*trt) 


20  inches  (508  mill.). 

3  3/8  inches  (86  mill.). 

15/16  inch  (24  mill). 

16  1/4  lbs.  (7.37  kilog.). 


Four. 

4  7/8  inches  (124  mill.)  hj  7/8  inch 

(22  mill.). 

1-47  lb.  (0.667  kiloR.). 

Square  headed,  shape  of  fish  plates 

prevents  head  turning  when  bolt  is 

screwed  up. 

Square  nut. 


Washers  not  used  till  lasteoings  are  worn,  when  Orover's  washers  are  used 
Oval.  Punched.  Circular.  Punched. 


Yes. 


Yes. 


By  two  7/8  inch  (22  mill.)  spikes. 


Yes. 


Yes. 


45  lbs.  (20.41  kilog.). 

107*89  square  inches. 

696 . 1  centimetres  carr^s . 

No. 

Yes. 

Pour  holes  are  provided  in  eadi  chair, 

but  only  two  spikes  are  used,  and 

these  are  placed  diagonally. 
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STATEMENT  Di.  —  Keys  and  sleepers 


QUESTIONS. 


Keys. 

What  wood  is  used  ? 

Is  it  compressed  ? 

Particulars  of  metal  keys,  if  used .... 
Are  rails  keyed  on  inside  or  outside?  .      .     • 

Sleepers- wood . 
What  kind  of  wood  is  used  ? 

Are  sleepers  creosoted,  or  treated  wilh  other 
antiseptic  ? 

Dimensions  : 

Length 

Breadth 

Thickness 

Are  they  placed  in   the   road  heart  side  or 
waney  side  upwards  ? 


Chesapeake 
and  Ohio. 

(PI.  21.) 


None  used. 


Chicago,  Burlington 
and  Quincy. 

(PI.  22.) 


niinois 

(PI. 


None  used. 


White  oak  generally, 
also  chestnut,  oak,  lo- 
cust, walnut. 


No. 


8  feet  6  inches  (2">59). 


9  inches  (228  mill.). 


7  inches  (178  mill.). 


Waney  side  upwards. 


Oak. 


No. 


8  feet  (2'»438). 


8  inches  (203  mill.). 


6  inches  (152  mill.). 


Waney  side  upwards. 


None 


White  oak  a: 


Nc 


8  feet  ani 
(2™438  et 

8  inches  (2 
and  upv 

6  inches  aki* 
(152  and  1 

Waney  side 


■^MH  ^M^agi^M 
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»  Shore 
and 
m  SoaUiem. 

>!•  24.) 


New-Tork  Central 

and 

Hudson  River. 

(PI.  25-26  and  27.) 


Pennsylvania. 

(PI.  28.) 


India. 


East  Indian. 

(PI.  29.) 


A.uatralla. 


New  South  Wales 
Government  Rys. 

(PI.  30  and  31.) 


»De  aaed. 


None  used. 


None  used. 


Teak. 
No. 


Outside. 


iBd  burr  oak. 


Ho. 


C8-59). 


(203  mill.). 


(178  mill.). 


I  are  hewn  on 
only. 


Oaks,y allow  pine,  chest- 
nut, yellow  cedar, hem- 
lock and  tamarack. 


No. 


8feel(2"438). 


9  inches  (229  mill.) 
average . 

6  inches  (152 mill.). 


Heart  side  upwards. 


White  oak. 


No. 


8  feet  6  inches  (2>»59). 


7  inches  (178  mill.) 
and  upwards. 

7  inches  (178  mill.). 


Sill  and  Deodar. 


No. 


9feet6inches(2»896). 


10  inches  (254  mill.). 


5  inches  (127  miU.). 


Wane^  side  upwards. 
If  laid  heart  side  up- 
wards they  split  more, 
and  water  gets  in  and 
rots  them. 


Teak  and  cedar. 
Yes. 


Outside. 


Iron  bark. 


No. 


9feet(2»743). 


10  inches  (254  mill.). 


5  inches  (127  mill.). 


Waney  side  upwards. 


u 


STATEMENT  EL—  Ballast. 


QUESTIONS. 


Material  adopted  for  bottom  ballast 


•         •         • 


If  stOBe,  what  mesh  ? 


Depth  of  bottom  ballast 


If  cinden,  whether  scnened  or  not? 


Material  used  for  top  ballast 


Thickness  of  top  ballast    . 


•         • 


•   •     •         • 


Is  the  top  ballast  laid  above  the  top  of  sleeper, 
and  ii  so,  to  what  extent  ? 


Ghesapeake 
and  Ohio. 

(PL  21.) 


Broken  stone  and 
gravel. 


10  inches  (254  mill)  at 
centre  of  road,  increas- 
ing in  thickness  to- 
wards side. 


Gravel. 


No  answer,  but  accord- 
ing to  diagram  about 
6  inches  (152  mill.). 


No  answer,  but  shown 
on  diagraa  to  be  level 
with  top  of  sleeper. 


What  advantages  are  found  to  result  from  the 
use  of  the  material  selected  for  ballast?.    . 


Chicago,  Biirlington 
and  Quincy. 

(PI.  22.) 


Illinois  C 
(PI.  2 


Stone  or  gravel. 


9  inches  (229  mill.)  at 
centre  of  road,  increas- 
ing to  14  inches  (956 
null.)  at  sides. 


Stone  and  gravel. 


6  inches  (152  mill.) 


Shown  on  diagram  to  be 
slightly  above  top  of 
sleeper. 


Stone  or  ( 


2  1/2  inches 


10  inches  (2 


Stone  or  | 


8  inches  (2( 


Yes,  3  to  4  in 
102  miU.)  «l 


m 


e^B^HH9 


4S 


lore 

oatliem. 

10    . 


New- York  Central 

and 

Hudson  River. 

(PI.  25-26  and  27.) 


Pennsylvania. 

(PI.  28.) 


India. 


East  Indian. 

(PI.  29.) 


A^ufttralla. 


New  South  Wales 
Government  Rys. 

(PI.  30  and  31  ) 


land. 


Stone. 


4  inches  to  6  inches  ^102 
a  152  mill.)  Spawls. 

6  inches  (152  mill.) 


Not  screened. 


in. 


ig^ram  to 
h.  top  of 
sent  re  of 
5  inches 
»elow  top 
esctk  €nd. 


Iwaj,ec6- 
intained. 


Crushed  stone  gratel, 
Giaders,  or  klag. 


12  inches  (305  mill.). 


Level  with  top  of 
sleeper. 


Crushed  stone  ballastaf- 
fords  better  drainage, 
decreases  wet  rot  of 
sleepers,  and  obviates 
frost  •  heaving  «•  of 
track  in  winter,  and 
affords  firmer  bearing 
to  the  sleepers. 


Large  stones. 


5  to  8  inches (127  a 
203  mill.)  in  diameter. 

8  inches  (203  mill.) 


Stone. 


1  3/4  inch  cubes 
(26.81  cent,  cubes). 


^o  distinction  between 
I  bottom  and  top  ballast. 

Stone  that  will  pass! 
through  a  2  l/2  inch 
(63mill.)rir.g. 

About  5  inches 
(127  mill). 


Top  of  sleepers  at  cen- 
tre, bottom  of  sleepers 
at  ends. 


Gives  a  solid  road  bed 
and  affording  good 
drainage  preserves  the 
ties. 


Varies  from  the  under- 
side of  the  head  of  the 
rail  to  the  underside 
of  the  chair. 


Better  life  of  sleepers 
and  running  than  ei- 
ther brick  or  kunkur, 
the  only  alternatives. 


Stone. 


4  inches  (102  mill.). 


9  inches  (229  mill.). 


Onlj  a  small  quantity 
has  been  used,  and 
these  have  been  scree 
ned. 


Principally  Hardstone 
broken  to  a  2  i/2  inch 
(63  mill.)  gauge. 

12  inches  (305  mill.). 


2  i/2  inches  (63  mill.). 


It  provides  efficient 
drainage,  dues  not  pul 
verize  under  the  bea- 
ter, preserves  the  align 
ment  of  the  road  and 
gives  a  firm  and  elas- 
tic bed,  and  conse- 
quently minimises  cost 
of  maintenance. 
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PLATES 


Plate  1.  Cambrian  Railway. 

—  2.   Furness  Railway. 

—  3 .   Great  Eastern  Railway . 

—  4.   Great  Northern  Railway. 

—  5.  Great  Western  Railway. 

—  6.  Lancashire  and  Yorkshire  Railway. 

—  7.  London    Brighton    and    South    Coast 

Railway. 

—  8.  London  and  North  Western  Railway. 

—  9.  London  and  South  Western  Railway. 

—  10.  Manchester  Sheffield  and  Lincolnshire 

Railway. 

—  11.  Midland  Railway. 

—  12.  North  Eastern  Railway. 

—  13.   South  Eastern  Railway. 

—  14.  Caledonian  Railway. 

—  15.  Glasgow  and  South  Western  Railway. 

—  16.   Highland  Railway. 


Plate  17.  North  British  Railway. 

—  18    et    19.    Great     Northern      Railway 

Ireland. 

—  20.  Great   Southern  and   Western  Rail- 

way. 

—  21 .  Chesapeake  and  Ohio  Railway. 

—  22.  Chicago  Burlington  and  Qui ncy  Rail- 

road. 

—  23.  Illinois  Central  Railroad. 

—  24.   Lake  Shore  and  Michigan  Southern 

Railroad. 

—  26,  26    and  27.    New-York  Central  and 

Hudson  River  Railroad. 

—  28 .   Pennsylvania  Railroad . 

—  29.  East  Indian  Railway. 

—  30  et  31 .  New  South  Wales  Government 

Railway. 
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ADDENDA 

TO  THE  S"-"  REPORT  (kob  English  spkakinc  countries)  ON  THE  QUESTION  OF 
STRENGTHENING  OF  PERMANENT  WAY  IN  VIEW  OF  INCREASED  SPEED 
OF  TRAINS  (SUBJECT  I  OF  THE  LIST  OF  QUESTIONS  FOR  DISCUSSION  AT 
THE  FIFTH  SESSION  OF  THE  COJ^GRESSi 

By  William  HUNT 

CHIRP  BNGINEBR  OF  THB  LANCASHIRK  AND   YORKSHIRE  RAILWAY 


* 
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APPENDIX  A.  —  Rails. 


QUESTIONS. 


England. 


London  Tilbnry 
and  Sonthend  Railway. 

(PI.  32.) 


America. 


Atchison  Topeka 
and  Santa  Fe. 

(PI.  33  and  34.) 


South  Austi 
Railwaj 

(PI.  35. 


Weight  of  mil 


Per  yard    . 
(  Per  metre. 


Length 

Holes  for  fish  bolts  : 

a)  Number 

b)  Shape 

c)  Distance  apart  from  centre 

to  centre  of  holes . 

d)  Distance  from  end  of  rail 

to  centre  of  nearest  hole. 


Is  the  line  relaid  when  the  rails 
^Vear  down  to  minimum  weight 
per  yard  ? 

If  80,  give  weight 


Is  line  relaid  when  rails  wear  down 
to  minimum  thickne.s'<  of  top 
flange  or  minimum  depth  over  all  ? 

If  so,  give  thirknes.s  or  depth  . 


Have  you  made  use  of  rails  of  unu- 
sual length,  60  feet  or  upwards? 


If  so,  state  object  and  what  result. 


72  lbs. 
(3r)i/«kilog.) 


24  feet(7'»31). 

Four. 
Slotted. 

4  1/2  inches  (114  mill.). 

2  1/4  inches  (57  mill.). 


No. 


52.  56.  66,  67  and  71  lbs. 

(26,    2^.  32  1/2.    33  et 
35  kilog.) 


30  feet  (9n»l4). 


Some  four  some  six . 
Oval. 


5  inches  (127  mill.). 


2  3/8  inches  (60  mill.). 


80  lbs. 
(39  1/2  kiJi 


30  feet  (9» 

Pour. 
Oval. 

5  1/2  inches  (14i 

2  5/8  inches  (67 


Minimum  depth  over  all. 

From  5   3/l6  to  4  ll/lC 
inches  (132  to  119  mill.) 


No  special  rules  for  rene- 
wal. —  They  are  made 
as  required  by  circum- 
stances. —  Traffic  and 
load  being  considered. 


No  definite  rule 


No. 


No. 


No. 


^Bomaam 
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PPENDIX  B.  —  Mianufacture  and  testing  of  rails. 


QUESTIONS. 


England 


London  Tilbury 
and  Southend  Railway. 

(PI.  32.) 


America 


Atchison  Topeka 
and  Santa  Fe. 

(PI.  33  and  34.) 


A.ustff*alia. 


South  Australian 
Railways. 

(PI.  35.) 


at  process  is  the  steel  for 
i  maoofactured  f 

Benemer  acid    .... 


Siemens  Martin  acid.     . 

)asic    in  Siemens    Martin 
hearths 

It  tests  are  rails  subjected 
ifore  acceptance  f 

Sending 


bemical 


ension  : 


Mkin^  weight  in  tons,  per 
[oare  inch 

tension  per  cent.      .     . 

atractiou  of  area,  percent. 

liars    as    to    the    relative 
8  of  bard  and  soft  steel . 


Bessemer. 


5  feet  (l'n524)  length  pla- 
ced un  solid  iron  bear- 
ings 3  feet  6  inches 
(1"067)  apart  shall  then 
receive  successive  blows 
from  a  weight  of  1,800 
lbs  (816  kilog.)  falling 
aheightof6feet(lni83). 
Rails  not  to  break  be- 
fore or  under  third  blow 
nor  take  a  permanent 
set  after  first  blow  ex- 
ceeding 1  5/8  inches 
(41  mill). 


Bessemer  acid. 


No  special  tests.  Rely 
or  reputation  of  manu- 
facturer. 


No  experience  with 
hard  steel. 


Bessemer  acid. 


Rail  placed  on  supports 
3  feet  (0^918)  apart  and 
to  receive  from  blows 
from  a  weight  of  13  cwt 
(660  kilog.)  falling  from 
a  height  of  10  to  16  feet 
(3«»05  a  4™88)  williout 
fracture.  Also  to  bear 
a  weight  of  15  tons 
(15,250  kil.)  for  10  mi- 
nutes without  perma- 
nent deflection. 


■   ( ■ 


ACPENDIX  C.  —  Rail  connectioDs. 


ICiiKlnnil. 

Aai(M-l(Mt. 

Au»lr«ll 

UUESTIONS. 

London  Tilbury 

Atchison  Topaka 

South  AuBtrs 

and  Southend  Railway. 

and  Santa  Pe. 

RaUwaya 

t 

(Pi  :!2.) 

(PI.  33  and  3<,) 

(PI  as.) 

inajoint  cliairorouileepersf  . 

Suspended. 

Muiiiljsilji[n]i'li:il 

Suspeniled. 

Fish  plfllc  : 

Length 

18  indies  (4r.7  loill.). 

4    hole   plates  S3  iuches 
(584  mill),  li  hole  plates 
38  inches  (965 mill.). 

21  1/1  iuehes  (546 

Depth 

4  I'l  indies  (114  mill.). 

3  i/s  iooliM  (79  mill.). 

6  3/4  inches  117! 

ThiokMM 

7/s  inch  (S!  mill.). 

3Mofsninch[l»miU.). 

7/S  indiM  (S2  n 

WeigJil  oreai'li .            .     .      . 
Fiah  bollt :. 

IS  lh»(».I6kili)g.). 

38  inches  (065  mill.)  plates 
34  3/4  lbs  (15.-5  kilog.), 
S3    inches   (584   mill.) 
plates.  Stlbs (9.53 kil.) 

n.n-,  (u.as 

Number 

Fuur. 

Four  and  six. 

Four, 

Site 

4  inclien  X  'l>i  incli. 
{l(J2  X  2Zniillimei™B). 

4indi.-,X3(4  inch, 
(lOa   >■   19  millimetres). 

4  i/»  inchea  X  7/8 
(KX^  X  iamiltii 

Weifl.t    Jticludihg     nul     mid 
wiiEl.er  (where  used)     .      . 

1  i/i  lb-  (O.tia  kilog.). 

1  Ih  (0.45  kilog.). 

i  l/llb(0.6Sk 

Descnplioiiof  fleli  bolt.      .      .      . 

Cup  licndod  with  square 
shoulder. 

Gap  hcfldpi!  with  rounded 
shoulder. 

Cup   headed  with 
Khoulder. 

Description  of  nut  (and  washer  if 

■ny) 

Ordiuarj  square  nut. 
No  wflsliew. 

Ordiusry   heiagoaal    out 
nelt    flsh    plate    with 

OrdinarjheiagTin 
Orocers  wusl 

Are  holes  in  l]»h  pl,iU6  square  ur 
drculnr,  punched  .ir  .Irillfil)      . 

Sqii.ire  in  oiiu   plate 
inrcuLirc  in   the  uLlifr. 

Square  in  one  plate  and 
elliptical  in  the  ollisr. 

Obion);,  punc 
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QUESTIONS. 


Eng^laiid. 


Lcndon  Tilbury 
and  Southend  Railway. 

(PI.  32.) 


America. 


Atchison  Topeka 
and  Santa  Fe. 

(PL  33  and  34.) 


ilLustrnlla. 


South  Australian 
Railways. 

(PI  35) 


e  form  of  joint   used  give 
action  ? 


in  what  respect  is  impro* 
nt  required  with  a  view  to 
iag  uniform  streng:th  of 
throughout  ?     .     .     .     . 

t  rails  secured  to  sleepers  ? 

hairs  on  wood  sleepers  . 

t  of  chair  ?..... 

.  ,    .     (  square  inches  . 

°       f  centimetres  square. 

or  other  material  placed 
ien  chair  and  sleeper  ?  . 

chairs  on  each  side  of  the 
of  the  same  pattern  as  the 
If  not,  give  particulars     . 

rticulars  of  mode  of  attach- 
of  each  chair  to  sleeper     . 


rticulars  of  mode  of  attach- 

of   flat-bottomed    rail   to 

sr 


Yes, 


Partial. 


This  problem  has  not  yet 
been  solved. 


Yes. 

43  lbs  (19.5  kilog.). 

98  square  inches 
(632.3  square  cent.). 

No. 


Yes.  The  special  form  of 
deep  flange  to  flsh  plates 
insures  the  necessary 
strength  to  the  plates 
while  allowing  the  ad- 
joining sleepers  to  be 
brought  near  enough 
together  to  give  the  re- 
quired support. 


} 


None  used , 


None  used. 


Yes. 


3.  Wrot  iron  spikes  5  l/S 
inches  (130  mill.)  long 
under  the  head  3/4  inch 
(19  mill.)  diameter. 


By  spikes  detail  not  given, 


By  12  fang  bolts  and  12 
spikes  on  the  outsides 
of  the  rails  and  by  24 
spikes  on  the  inside  of 
the  rails. 
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APPENDIX  D.  —  Keys  and  sleepers. 


QUESTIONS. 

Eiifi^lancl. 

A.iiierlcn. 

A.u«trallfi 

London  Tilbury 

Atchison  Topeka 

South  Austral 

and  Southend  Railway. 

and  Santa  Fe. 

Railways. 

(PI.  32.) 

(PL  33  and  34) 

(PI.  35  ) 

Keys. 

What  wood  is  used  ?      .     .     .     . 

Oak. 

Is  it  compressed  ? 

Yes. 

Particulars  of  metal  keys,  if  used  . 

w 

^              None  used. 

None  used. 

Are  rails  keyed  on  inside  or  out- 
side?      

Outside. 

Sleepers -wood. 

What  kind  of  wood  is  used  ?    . 

Are  sleepers  creosoted,  or  treated 
with  other  antiseptic?    . 

Baltic  redwood. 
Some. 

Oak.  Pine  and  cedar. 

Pine  is  treated  with  chlo- 
ride of  zinc,  tannin  and 
glue. Others  not  treated. 

Red  gum,  sugar 
Jarrah  and  Karri 
woods. 

No. 

Dimensions  : 

Length 

9  feet  (2'"743). 

8feet(2"438). 

8  feet  6  inches  (2" 

Breadth   ....           .     . 

10  inches (254  mill.). 

8  inches  (203  mill.). 

10  inches  (254  m 

Thickness 

5  inches  (127  mill.). 

7  inches  (178  mill.). 

5  inches (127  ro 

Are  they  placed  in  the  road  heart 
side  or  waney  side  upwards? 

Creosoted  sleepers  waney 
side  upwards.  Un  creo- 
soted sleepers  some  one 
side  and  some  the  other. 

No  special   care   in   this 
respect. 

No  distinction  ma 
is  not  necessan 
Australian  bard^ 
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PPENDIX  E.  —  Ballast. 


QUESTIONS. 


ICnfidaiKl, 


London  Tilbury 
and  Southend  Railway. 

(PI.  32  ) 


AmerlCM. 


Atchison  Topeka 
and  Santa  Fe. 

(PI.  33  and  34.) 


Aimti'nlifi. 


South  Australian 
Railways. 

(PI.  35.) 


il  adopted  for  bottom  ballast. 


\  what  mesh  ? 

>f  bottom  ballast  .... 

lers,   whether  screened    or 

il  used  for  top  ballast    .     . 


of  top  ballast  . 


op  ballast  laid  above  the  top 
•  sleeper,  and  if  so,  to  what 
It? 


adTantages  are  found  to 
t  from  the  use  of  the  mate- 
elected  for  ballast?   .     .     . 


Burnt  clay  chalk,  brick 
and  stone  rubble. 


No  restriction. 
9  inches  r229  mi]].\ 


Pit  gravel-chalk  always 
covered  with  gravel  or 
clinkers. 


Average  21  inches 
(534  mill.). 


Yes. 
4  inches  (102  mill.). 


The  materials  adopted  for 
bottom  ballast  both  acts 
as  drain  and  keeps  clay 
from  getting  soft  and 
squeezing  up  into  top 
gravel  rendering  it  dirty 
and  wet. 

Clinkers  are  most  efficient 
at  ends  of  sleepers  to  let 
water  escape  freely  from 
sides  of  top  ballast, 
chalk  for  top  balla.«it  is 
used  principaly  at  out- 
side ends  of  sleepers. 


Stone. 


2  inches  ring  (51  mill ). 


10  inches  (254  mill.). 


Cinders,  gravel  slag 
burned  clay  and  stone. 


6  inches  (152  mill.). 


No. 


Cinders  and  burned  clay 
^\ve  easiest  riding  track 
Slag  and  rock  more 
durable. 


Broken  limestone  or  quar- 
ry stone  generally.river 
gravel  occdsionally. 


2  1/2  inches  (63  mill.)  ring. 


6  inches  (152  mill.)  in 
level  districts,  9  inches 
(229  mill.;  hilly  dis- 
tricts. 


S<ime  as  for  bottom  ballast. 


7  inches  to  8  1/2  inches 
(178  to  216  mill.). 


Yes. 
3  inches  (76  mill.). 


Good  drainage  and  a  good 
elastic  bed. 


PLATES 


Plate  32.  London,  Tiiburj  and  Southend  Railway. 

—  33  and  34.  AlcbisoD,  Topeli«  and  Santa  Fe. 

—  35.  Soatb  Aualralian  Railwajra. 
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REPORT     (FOR    ENGLISH    SPEAKING    COUNTRIES) 


By  M.  W.   AST 


IMPERIAL  ROYAL  COUNCILLOR  AND  CHIBP    BNOINBBR  OF  THE  EMPBROR  FERDINAND 

NORTHERN  RAILWAY  OF  AUSTRIA 


INTRODUCTION. 


The  enormous  development  of  railway  travelling  during  the  last  decade  has  pro- 
duced growing  requirements  on  the  part  of  the  public  with  regard  to  the  speed  and 
convenience  of  travelling.  The  following  table  shows  the  highest  speeds  attained  by 
express  trains  in  different  countries  : 


COUNTRY, 


SECTION 

OF 

LINE. 


BIBAN  SPEED. 


Length 

Of 

Section. 


Speed  according 

to 
time  table-stop- 
pages 
excluded. 


Kilom. 


Miles. 


Per 

kilom. 


Hour 
miles. 


Approximate 

speed 

after  deducting 

time  lost 

in  starting  and 

stopping. 


Maximum 

speed 
authorised 

or 
recorded. 


Per 

kilom. 


Hour 
miles. 


Per 
kilom. 


Hour 
miles. 


Austria  . 
Italy  .  . 
Germany. 
Holland  . 
Belgium  . 
Prance  . 
Koglaad. 


Vienno-Lundenburg 
Piacenza-Modena . 
Berlin-Wittenberg 
Amsterdam-Hague 
lirussels-Ostend  . 
Paris-Amiens  .  . 
London-Grantham 


83 

51-50 

67-2 

42-0 

70 

110 

68-0 

68 

42-3 

72 

159-4 

99-0 

82-5 

51-3 

84 

61 

37-9 

72 

44-7 

79-5 

120-9 

75-1 

72-5 

45-0 

81-5 

131 

81  41 

81-9 

50-9 

83-4 

169 

105-0 

83-3 

51-3 

84-6 

43-6 
45-0 
52  2 
49-4 
50-6 
51-8 
52-6 


90  n 

80 

90C) 

90 
100 
120 
120 


55-9 
49  7 
55-9 
55-9 
62-1 
74  6 
74-6 


(*)  Maximum  allowed  by  law. 


92 

The  aclunl  spcads  iire  thus  showD  to  be  high,  yelone  hears  everywhere  Ihe  opinion 
discussed  (without  saying  however  on  what  it  is  based)  that  they  do  not  meet  the 
requirements  of  the  traffic  and  it  is  announced  that  an  English  railway  is  preparing  a 
locomotive  capable  of  drawing  trains  at  the  speed  of  160  kilometres  (99  miles)  per 
hour.  Academic  discussion  has  oven  taken  place,  as  to  the  possibility  of  obtaining 
speeds  of  200  kilometres  (i24  miles)  per  hour  or  more.  On  the  other  hand  Ibe 
short^'ning  of  the  duration  of  the  journeys  obtained  by  means  of  these  \tijiU  speeds 
has  not  prevented  the  public  from  being  more  and  more  exacting  with  respect  to  the 
comfort  of  the  wirriages.  Consideriug  that  our  trains  arc  composed  partly  of 
sleeping,  of  dining,  and  of  drawing-room  cars,  we  ought  not  lo  be  surprised  that, 
the  dead  weight  per  passenger  is  now  two  or  even  three  times  the  amount  that  it  was 
in  former  years.  On  the  other  hand  whilst  the  accommodation  of  the  carriages  has 
been  improved  and  the  speed  of  the  trains  increased,  fares  liave  been  put  into 
operation  which  have  facilitated  travelling,  as  a  result  of  which  we  have  a 
considerable  increase  in  the  number  of  express  trains  and  a  very  extraordinary 
increase  in  the  gross  tonnage. 

Under  these  circumstances  the  managemont  of  the  railways  has  everywhere  boen 
obliged  to  modify  the  construction  of  the  permanent  way,  and  the  working  of  the 
line,  so  us  to  enable  them  to  pnicure  quicker,  cheaper,  ahd  more  comfortable  Ira- 
velling  for  the  public  than  in  earlier  years,  and  ihal  with  the  same  safety  and 
the  same  economy. 

To  do  this  it  is  first  necessary  to  consider  the  permanent  way  and  its  construction, 
the  wheel  loads,  and  Ihe  relation  between  the  permanent  way  and  the  rolling  stock. 

The  International  Uailway  Congrnss,  recognising  the  importance  of  these  ques- 
tions, has,  from  the  lirsl,  made  tliem  the  object  of  its  careful  consideration.  (Sec 
appendix  VIll.) 

The  construction  of  Ihe  permanent  way  liaa  especially  been  the  subject  of  reports 
and  liiscuasions  having  for  object  the  study  ofita  different  materials,  and  consldWiBg 
them  not  only  singly  and  together,  but  also  in  the  relation  which  the  permanent  way 
and  live  load  bear  to  each  other. 

The  present  paper  is  one  which  answers  a  question  pul  by  the  Congress.  It  is  a 
new  link  in  the  chain  of  evidence  resulting  from  research  on  the  sUito  of  atfairs  set 
forth  above. 

The  following  question  hearing  on  the  complex  study  of  the  relations  betwiwM  the 
permanent  way  and  the  rolling  slock,  which  is  one  of  the  subjects  under  investiga- 
tion can  be  thus  stated  : 
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How  for  does  the  usual  practice  of  laying  permanent  way  answer  the  actual  requi- 
rements, and  fVirther,  how  can  the  present  method  of  construction  be  adapted  to 
satisfy  the  increasing  demands  on  its  strength  ? 

The  Commission  of  the  International  Railway  Congress  has  put  this  important 
question  in  the  programme  of  the  meeting  which  will  b   held  in  London  in  189K, 
and  has  stated  it  as  follows  : 
«  Type  of  permanent  way  suited  for  lines  traversed  by  trains  at  high  speed. 
«  Gradual  strengthening  of  existing  roads  so  as  to  permit  of  an  increase  in  the 
speed  of  trains. 

<c  A.  Section  of  rail.  Calculation  of  the  strains  imposed  by  the  rolling  load. 
Results  of  experiments* 

«  B.  Mode  of  manufacture  and  nature  of  rail-metal.     Comparison  of  soft  with 
hard  steel.     Steel  produced  :  (1)  By  the  acid  process  in  the  Bessemer  converter ; 
it)  by  the  basic  process  in  the  converter;  (3)  by  either  process  in  the  Martin  furnace. 
«  C.  Rail  connections.     Fatigue  of  fishplates.    Construction  of  joint  best  cal- 
culated to  secure  uniform  strength  of  the  road  throughout.    Rails  laid  in  chairs,  and 
Vignoles  rails. 
c<  D.  Sleepers,  their  quality,  dimensions,  and  distance  apart. 
«  E.  Ballast,  the  various  descriptions  and  methods  of  laying.  » 
The  International  Commission  has  entrusted  the  author  with  the  task  of  studying 
this  vast  question  and  rendering  an  account  to  the  fifth  session,  embodying  commu- 
nications and  results  of  observations  received  ftrom  the  managements  of  the  Conti- 
nental railways  who  have  joined  the  Congress. 

In  the  earlier  and  preliminary  studies  of  this  question  the  conviction  has  been 
forced  upon  us  that,  in  its  present  state,  no  exact  solution  can  be  found. 

The  difficulty  arises  from  the  impossibility  of  separating  the  road  from  the  loco- 
motive. The  equilibrium  between  the  stress  and  the  resistance  of  the  permanent  way 
can  be  determined  within  the  limits  of  the  latter.  But  the  stresses  can  be  increased 
not  only  intentionally  but  also  accidentally  and  unexpecUdly  beyond  such  limits. 

The  fact  that,  in  a  locomotive,  the  moving  parts  cause  vibration,  due  to  the  want 
of  uniform  rigidity  ttiroughout  the  road,  renders  still  more  complex  the  relation 
which  exists  between  the  stress  due  to  the  moving  load  and  the  resistance  of  the  line. 
Hence,  in  considering  this  question,  it  is  necessary  to  take  into  account  not  only 
Uie facts  relating  to  the  permanent  way  and  its  different  parts,  but  also  those  relating 
fo  the  description  and  make  of  the  vehicles,  especially  the  loexnnotives,  *and  further 
ihose  which  concern  the  number  and  weight  of  the  trains,  and  their  speed. 


ui 


Moreover  it  is  first  necessary  lo  consider  Imw  the  pcrm.ineiil  way  offers  a  rLrsIstancc 
to  the  loiids  il  Ims  to  carry.  As  a  criterion  of  the  facts  concerning  this  last  point, 
we  can,  on  the  principle  that  the  best  constructed  lines  are  those  tlint  are  least 
expensive  to  rcpiiir,  state  that  the  first  things  to  be  tiiken  into  account  are  the  fre- 
quency of  repairs,  the  amount  of  time  devoled  to  those  repairs,  am)  t)ie  cost  of  the 
labour. 

It  is  necessary  to  recognise  at  the  same  lime  that  the  cost  of  labour,  skilled  or 
unskilled,  varies  in  different  countries,  for  it  is  impossible  to  have  workmen  of  the 
same  intelligence  wherever  we  go,  so  that  information  concerning  the  rate  of  wages, 
or  the  standard  of  salaries,  does  not  by  itself  suffice  tor  the  object  in  view. 

Finally  we  must  not  forget  that  on  certain  lines  we  meet  with  improvements  in 
the  permanent  way  that  are  but  little  known  elsewhere,  and  also  that  some  railway 
managi'ments  are  acquainted  with  results  of  experiments  and  observations,  which 
might  be  of  the  greatest  use  for  our  purpose,  and  about  which  it  is  desirable  to 
possess  full  information. 

To  obtain  the  requisite  information  about  the  matters  referred  to  above,  we  have 
been  obliged  to  enquire  on  many  points  from  different  railway  authorities;  but  to 
avoid  fruitless  work,  we  have  specified  that  replies  should  only  be  sent  about  such 
lines  as  are  used  for  express  trains. 

These  considerations  have  induced  us  to  put  the  questions  which  are  printed  as 
an  appendix,  to  the  different  railway  managements  in  Europe  iisking  them  lo  be 
good  enough  to  reply  to  them  fully. 


SECTION  I. 


Examination  of  the  replies  forwarded  bj  the 


railway  managements. 


Sixteen  impnrliml  railway  Companies,  representing  roughly  i^.fiOO  miles 
(20,000  kilometres)  worked  by  express  trains,  send  us  information  on  the  following 
points  : 

il).  The  amount  of  wear  and  stress  produced  by  traffic, 

(3).  The  construction  nnd  arrangement  of  locomotives  and  rolling  slock. 

(3).  The  construction  of  the  permanent  way. 

(4),  The  cost  of  maintenance,  and  frequency  of  repairs. 

(3).  Experiments  conci-rning  the  behaviour  under  different  conditions  of  Ihe  per- 
manent way,  iuul  of  its  parts. 

{6),  Arrangements  for  strengthening  the  perniiinent  way. 
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As  we  are  not  able  to  fully  reproduce  the  information  sent  to  us  by  the  different 
railways,  we  have  in  some  cases  made  extracts  from  their  books  of  rules  and  regula- 
tions, and  we  have  been  obliged  to  replace  some  of  the  figures  by  their  mean  value 
in  drawing  up  our  tables. 

To  facilitate  comparison  we  have  compiled  a  table  of  those  facts  which  appear  to 
us  the  most  important. 

When  several  types  of  permanent  way  were  described  by  one  Company,  we 
always  took  as  their  standard  the  most  recent  one,  even  when  it  had  only  been 
applied  to  short  lengths  of  the  line. 

An  examination  of  the  information  sent  us  shows  that  on  the  lines  to  which  it 
refers,  the  speed  of  the  express  trains  varies  from  25  (40  kilometres)  to  50  miles 
(80  kilometres)  per  hour  and  that  the  annual  number  of  trains  run,  of  every  descrip- 
tion, varies  from  4,000  to  3i,000.  and  of  express  trains  from  900  to  3,600. 

The  wear  and  tear  on  these  lines  consequently  varies  between  very  wide  limits, 
which  render  simple  comparison  between  the  types  of  construction  chosen,  and 
the  measures  adopted,  almost  impossible. 

In  considering  the  different  systems  of  constructing  the  permanent  way,  it  is 
necessary  also  to  take  into  account  the  construction  and  arrangement  of  the 
locomotives  and  of  the  rolling  stock. 

The  facts  about  these  different  points  are  shown  systematically  in  appendix  IX, 
where  they  are  condensed  into  a  table  which  permits  us  to  take  in  at  a  glance  the 
information  we  have  received  from  the  different  managements  respecting  the  facts 
and  figures  for  rolling  stock  and  trains  used  on  their  lines. 

This  tabic  shows  us  that  the  load  on  the  crank-axle  of  the  most  heavily  weighted 
of  the  different  locomotives,  which  actually  tiike  the  express  trains  on  the  lines  men- 
tioned, is  between  12.3  tons  (12.5  tonnes)  French  State,  and  15.55  tons  (15.8  tonnes) 
Gothard  railway;  the  total  weight  of  these  locomotives  is  between  34.4  and  65  tons 
(3S  and  65  tonnes) ;  they  have  6  to  10  wheels,  and  the  maximum  distance  apart  of  the 
coupled  wheels  is  9  feet  10  inches  (3  metres). 

The  majority  of  these  engines  have  four  wheels  coupled,  and  a  four-wheeled 
leading  bogie. 

In  some  8  wheeled  locomotives  the  leading  and  trailing  wheels  are  simply  car- 
riers, the  four  coupled  wheels  being  placed  in  the  middle. 

The  Belgian  State  railways  are  almost  the  only  lines  which  work  a  road  with 
heavy  gradients  by  means  of  6  wheel  coupled  engines,  having  leading  wheels  with 
radial  axle-boxes. 


tie 


Tlii'Sf  ermines,  likf  tin'  new  lominolivcs  i>f  llip  Norlhern  Rnilway  of  Franc 
inaide  oylimifre,  wliilsl  nil  tlie  oilier  fiigiptta  cli>aoribi*il  have  outside  cylindora. 

The  weight  of  tht>  locomotive  anJ  leniicr  varies  fpom  34.1  to  83.3  tona  (55  to 
84.6  tonnes). 

There  ar«  from  30  lo  16  CHrriage-wlieels  on  Iho  express  Iruina  that  these  engines 
dniw.  with  a  gross  weight  of  98.4  to  lOfi.S  tons  ( 100  In  200  tonnes). 

The  coiidies  have  4,  fi  or  8  wtieeis.     Those  with  8  wliefia  are  bo(;ie-carri»t{eii. 

The  groiileBt  disUincn  bi'lween  eenlres  of  llie  wheels  in  llie  4-wheiiled  coacliea  is 
19  feet  4  l/i  indies  (5.0  melri'sj,  nnd  llie  greuiesl  weight  per  pair  of  wheels  is 
7.87  tons  (8  tonnes). 

On  compuriuK  kmethi'r  tlie  dnla  given  ri^liiting  to  the,  types  of  locomotive  luid  the 
speed  attjiinod  it  appeurs  that  the  railways  which  have  n  stiindard  maximum  weight 
of  from  1.1.78  lo  15.35  tons  (14  lo  1S.8  tonnes)  per  pair  of  whei'ls,  are  those  which 
have  expresses  running  at  a  mean  speed  of  more  than  37.3  miles  (60  kiloiDetres)  per 
hour  on  u  mail  ivllii  unfjivourable'  gradient)*. 

KAn,s  Km  sLREi'GBs.  —  We  will  next  consider  whether  these  higher  speeds  cannot 
be  obtained  except  by  constructing  locomotives  with  a  greater  weight  pi3r  pair  of 
wheels,  wnd  we  will  compare  the  statements  regarding  the  conslrutlioii  of  the  per- 
manent way  with  a  view  lo  its  wear  and  strain. 

In  the  tabif'8  in  appendix  I  and  II  Ihe  size  nf  the  prindpal  parls  (rails,  sleepers, 
joints)  of  the  lines  of  the  dilferent  railways  liial  have  sent  in  a  report  are  given ;  and 
we  have  divided  them  into  two  groups  awording  to  whellier  the  weight  per  pair  of 
wheeU  of  the  engines  which  draw  the  expresses  is  above  or  below  13.78  lonsl  14  lonsl. 

The  figures  shown  in  the  Uible  as  Ihe  denomiiiiitor  ui>der  Ihe  headings  «  height  ». 
«  moment  of  inertia  »  and  «  moment  of  resisliuici'  »  are  those  which  correspond  to 
the  condition  of  the  material  when  worn  down  lo  Hut  point  atwhitth  itiscondemn&d. 

The  table  showa  ub  Ihnt  on  some  lines  where  they  have  a  weight  on  llie  wheels  of 
from  6.1.')  tons  (6.25  tonnes!  to  6.89  tons  (7.00  tonnes)  they  use  mils  llie  weight  of 
which  U  between  66.5  lbs  per  yard  (33  liUograme  per  metre)  and  8o.7  lbs  per  yard 
142.5  kilograms  per  metrcl,  with  a  moment  of  inertia  between  20.73  and  30.27  square 
inches  jker  square  inoh  (863  and  1,260  square  centimetres  per  square  centimetre) 
and  a  moment  ofresistanoi  between  8.24  nnd  12.19  cubic  inches  (I3.'i  and  20t)  cubic 
centimetres). 

Lines  which  have  a  load  on  the  wheels  of  more  ihim  6.80  tons  (7  lonnesi  use  rails, 
the  weight  of  which  is  between  72,(1  and  10t,8  lbs  per  van!  (H6  and  52  kilograms 


9u  I'iiiia,    ii 
lograms  S 
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per  metre),  with  a  moment  of  inertia  between  23.94  and  42.50  square  inches  per 
square  inch  (997  and  1,769  square  qentimetrcs  per  square  centimetre)  and  a  moment 
of  resistance  between  9.08  and  14.65  cubic  inches  (148.3  and  340  cubic  centimetres). 

This  shows  a  general  tendency  to  increase  the  weight  of  rails  beyond  80.6  lbs 
per  yard  (40  kilograms  per  metre). 

As  a  rule  the  rails  are  of  cast  steel  made  either  by  the  Bessemer  or  by  the  Martin 
process. 

In  the  Vignoles  rails  the  tensile  strength  is  not  less  than  34.9  tons  per  square  inch 
(5,800  kilograms  per  square  centimetre)  and  sometimes  attains  42.5  tons  per  square 
inch  (6,700  kilograms  per  square  centimetre). 

The  elongation  varies  from  20  to  14  per  cent. 

The  st^el  of  the  rails  used  on  the  Eg>'ptian  railways  has  a  tensile  strength  of  from 
tt.8  tons  per  square  inches  (6,700  kilograms  per  square  centimetre)  to  45.7  tons  per 
square  inch  (7,200  kilograms  per  square  centimetre)  with  an  elongation  of 
il  per  cent. 

The  steel  of  the  double-headed  rails  is  usually  harder  than  that  of  the  Vignoles 
fails,  and  the  managements  employing  this  section  of  rails  state  that  their  tensile 
streqgth  i^  between  44. 4  tons  per  square  inch  (7,0Q0  kilograms  per  square  centi- 
metre) and  57.1  tons  per  square  inch  (9,000  kilograms  per  square  centimetre)  with 
an  elongation  gf  from  4  to  11  per  cent. 

There  is  a  tendency  to  use  hard  steel  with  a  very  high  limit  of  elasticity. 

The  majority  of  the  railways  use  wooden  sleepers.  Two  only  make  use  of  sleepers 
made  of  soft  steel,  with  a  tensile  strength  of  from  28.6  tons  per  square  inch 
(i,S0O  kilograms  per  square  centimetre)  to  30.5  tons  per  square  inch  (4,800  kilo- 
grams per  square  centimetre). 

The  bell-shaped  supports  of  the  rails  of  the  Egj'ptian  railways  are  being  replaced 
^  sleepers. 

The  si?:es  of  the  sleepers  used  vary  considerably. 

Their  length  varies  from  7  feet  10.^  inches  (2.40  nietre?)  to  8  feet  11  inches 
(2.72  metres),  averaging  8  feet  6.4  inches  (2.60  metres). 

The  width  varies  between  7.9  and  11.8  inches  (80  and  30  centimetres),  the  average 
l^eing  9.8  inches  (25  centimetres). 

The  characteristic  of  the  cross-section  ^  8  varies  between  0.97  and  2.63  lbs 
per  square  ipch  (2.85  and  7.7  kilograms  per  square  centimetre). 

The  statements  made  by  the  managements  show  a  marked  tendency  to  increase  the 
length  of  the  sleepers. 


Till'  slunilunl  F^iijilisli  sleepers  are  the  longest,  with  a  length  of  8  feet  II  inches 
(2.72  inelrcB);  and  Iho  Egyptian  railways  are  putting  down  sleepers  of  the  same 
length  lis  an  experiment. 

We  llnd  no  parlicular  tendency  to  increase  tlip  widtti  of  the  slei^pors ;  but,  on  Ihe 
cnDlrary,  we  (io  lind  that  in  some  cases  there  is  a  tendency  to  use  narrower 
sleepers  and  more  of  thorn. 

Si>ACK  BETWEEN  SLEF.pp.its.  —  The  number  of  sleepers  used  depends  on  their  distance 
npart,  which  is  an  important  factor  in  the  construction  of  the  line. 

In  laying  down  now  lines  intended  for  express  trains  the  space  varies  from  2  feel 
l.Ii  inches  (72,3  ccntimelres)  to  3  feet  27  inches  (98. i  centimetres);  the  average 
tlislance  being  2  feet  8.T  inches  (83  centimetres).  There  is  a  distinct  tendency  to 
iliicrcuse  this  distance,  this  being  reeognisod  as  the  best  way  for  obtaining  greater 
Htrenglh  and  stiffness  in  the  rails  and  joints  and  their  allachmenl  to  the  sleepers. 

Skci  iiiN<:  RAILS  TO  SLEEPERS.  —  In  the  greater  number  of  cases  the  rails  are  fastened 
directly  to  the  sleepers.  There  arc  only  four  cases  where  the  rails  are  not  directly 
secured  to  the  sleeper.  The  securing  of  the  rails  to  the  sleepers  is  always  done  by 
either  straight  spikes  or  dog-spikes  or  more  generally  by  screwspikes  ilire-fond^; 
the  last  method  is  finding  increasing  favour. 

In  the  cjise  of  iron  sleepers  the  rails  are  secured  with  plales  and  cheese  head  bolts. 

Mont  of  the  managements  usin^  Vignoles  rails  interpose  a  foundation-plate 
between  the  rail  and  the  sleeper.  This  plate  has  generally  parallel  faces  when  used 
for  wooden  sleepers,  but  when  iron  sleepers  ;iri'  used  il  is  always  wedge  shaped  to 
^ive  the  rail  its  proper  inclination. 

One  management  states  that  it  uses  slabs  of  tarred  fell  to  protect  the  surface  of  the 
Hieeper  supporting  the  rail. 

In  this  case  special  importance  is  attached  Io  the  use  of  three  screw-spikes. 

Two  managements  have  given  up  the  use  of  foundation-plates;  one  nails  its 
Vignoles  rails  directly  on  Io  the  wooden  sleeper,  Ihe  other  fixes  the  rails  directly  to 
till*  Kteel  sleeper,  which  has  been  previously  bent  to  suit  the  inclination  of  the  rail. 

The  managements  who  do  not  fix  the  rails  directly  to  Ihe  sleepers  use  cast-iron 
chairs  wilh  wooden  or  iron  keys,  and  use  double  headed  rails  only. 

The  Kiiiscr  Ferdinands  Nordbahn  and  some  other  railways  belonging  to  the  (^rman 
Itnilway  Union,  with  Ihe  intention  of  keeping  separate  the  attachment  of  the  Vignoles 
r.iiltt,  are  using  ex  peri  men  (idly  lension-plales  and  cramp-plates  iplmjues  it  mdchoires)    , 
togi'lher  with  Hat  plates  and  cheese  head  bolls  or  screw-spikes  tirc-fot)tl)  (fig.  1/. 


One  llHtian  Railwaj-s  informs  ustlteviiey^i^ale,  Sept.  18941  that,  on  a  line  used  for 
heavy  Iraftif,  ihey  are  adopting!  a  fastening  for  Ihe  Vij^iiles  rails  consisting  of  cast- 
iron  chairs  and  wiiodcn  keys. 

Cramp-plaUs  used  by  the  Kaiaer  Ferdinand  Nordbahn  for  Vignoles  rails. 


There  is  no  iloubt,  and  it  has  been  frequently  proved,  that  when  the  speeds  are 
very  hit!h.  th"  direct  attafihment  of  the  rails  lo  the  sloepcrs  with  or  without  founda- 
lino  plHlcs  is  not  sufficient. 

We  can  see,  on  readin;,'  the  infornialiuii  supplied  to  us,  IhaL  llie  manaftfments 
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EtUompt  to  counlcracl  this  disad vanillic  of  (liri^el  iiltaclimoiit  by  increaBing  the 
number  of  poinis  of  utlachment. 

If  wc  compare  an  old-fashinned  syslem  of  layin^j  the  raili«  in  which  they  were  fixed 
wilh  Iwo  dog-spikes  or  screw-spikes  3  feet  26  inches  apart  (98  centimetres)  with 
a  more  recent  system  in  which  the  rails  are  tixed  by  means  of  four  screw-spikes  on 
sleepers  2  feet  4.3  inches  (72  cenlimetres)  apart,  we  notice  thai  for  each  -eSl  mile 
(1  kilometre,  there  are  in  the  first  case  1,091  points  of  attachment  with  2,t82  dog- 
spikefi  or  screw-spikes  and  in  the  second  case  l.fiOO  points  of  alliichment  wilh 
6,000  screw-spikes. 

If  we  consider  that  (his  increase  in  the  number  of  points  of  support  has  resulted 
in  a  reduction  of  the  span  of  the  clear  pari  of  the  rail,  we  come  to  the  conclusion 
that  this  latter  method  has  consequently  reduced  the  stress  sustained  by  the  separate, 
points  of  ulliichment,  in  a  manner  which  ts  similar  to  the  former  but  mure 
complete. 

As  regards  lh«  system  of  tising  by  means  of  cast-iron  chairs,  there  is  a  lendcncy 
to  increase  the  weight  of  these  chairs,  and  to  diminish  the  space  between  the 
sleepers. 

The  principle  is  the  same  us  that  of  increasing  the  number  of  screw-spikes  or 
dog-spikes. 

In  the  older  methods  of  construction  with  sleepers  spaced  at  a  distance  of  3  feet 
2-6  inches  (98  centimetres)  apart,  the  high  stresses  caused  by  the  passing  of  express 
trains  were  accompanied  by  great  pressure  of  the  rail  on  its  supports  which  the  old 
fashioned  light  chairs  where  unable  to  bear. 

The  authorities  have  attempted  to  meet  these  increased  stresses  resulting  from 
pressure  on  the  rail  by  increasing  the  strength  of  the  chairs,  and,  at  the  same  time, 
by  bringing  the  sleepers  closer  together,  to  give  the  rails  more  support,  and  to  reduce 
the  intensity  of  the  pressure  on  the  ballast. 


Special  NBTiions  of  fixing  thf.  rails.  —  The  railway  munagemenls  have  sent  some 
information  on  some  special  methods  of  fixing  the  rail  with  the  purpose  of  main- 
taining the  exact  gimge  during  the  passing  of  expresses  on  curves  of  less  than 
347  yards  [SOO  metres)  radius. 

We  find  in  these  statements  the  following  methods  given  : 

The  n  Seidle  »  cross  lie,  the  use  of  which  has  given  good  results  on  the  Austro- 
ilungarian  Stale  Hallways,  and  which  constitutes  a  means  of  making  a  coimection 
between  the  two  sets  of  rails. 
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The  uae  of  wooden  cleats  bussing  up  against  the  head  of  the  rail  and  spiked  to 
the  sleeper  on  the  outerside  of  the  curve  to  prevent  canting. 

The  use  of  an  increased  number  of  sleepers  and  screw*spikes  at  the  curve 
itself. 

The  use  (in  the  case  of  Vignoles  rails)  of  chairs  or  foundation  plates  on  9ome  or  ^11 
of  the  sleepers. 

In  order  to  prevent  the  displacement  of  the  track  on  gradients  and  on  curves, 
pieces  of  wood  forming  a  longitudinal  connection  between  the  sleepers,  or  also 
wooden  posts  driven  in  at  the  outer  ends  of  the  sleepers  at  the  curves  arc  used  on 
the  Pistoia-Bologna  section  in  Italy. 

In  curves  of  small  radius  with  the  rails  laid  in  chairs  it  is  preferable  to  replace 
the  ordinary  wooden  keys  with  iron  keys  and  also  with  keys  like  those  of  Barbarot*s 
system. 

The  managements  are  unanimous  in  the  opinion  that  in  curves  of  more 
than  547  yar<ls  (SOO  metres)  radius  special  measures  for  fixing  the  rails  are 
unnecessary, 

FisH-JOiNTS.  -;-  In  appendix  III  is  a  table  showing  the  information  we  have  received 
from  the  different  managements  in  reference  to  the  pattern  of  their  fish-jqints  when 
laying  down  new  sections  of  line. 

The  ends  of  the  rails  are  in  every  case  joined  together  with  fish-plates,  at  a  point 
^tween  two  sleepers. 

Most  of  these  are  made  of  angle  or  channel  section.  Only  two  managements 
^^''i  use  on  the  inside  of  the  rails  flat  fish  plates, 

Most  managements  use  fish-plates  of  the  same  shape  both  inside  and  outside  the 
'ail  a, 

^^ith  the  Vignoles  rails  the  fish-plates  generally  overlap  the  two  sleepers,  and 
thfeiif.  length  is  from  1  feet  61  inches  (460  millimetres)  to  9  feet  li  inches  (800  mil- 
Uox^tres). 

Inhere  is  ^  marked  tendency  to  increase  the  length  of  these  fish-plates,     J\\e 

weights  given  are  between  9*5  lbs  (4-3  kilograms)  and  48*5  lbs  (22  kilograms). 

TVie^  are  generally  made  of  very  mild  or  medium  mild  steel  having  a  tensile 

sitength  of  from  28'o  to  34  8  tons  per  square  inch  (4,500  to  5,500  kilograms  per 

sc|Uve  centimetre)  and  an  elongation  of  15  to  20  per  cent. 

The  fish  plates  are  fixed  by  bolts,  usually  4  in  number;  some  managements  use 
5  and  one  even  uses  6. 
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The  diameter  of  the  bolts  varies  from  0-7i8  into  I'OOi  inch  1 19  to  2JJ'3  milli- 
metres). 

The  majority  of  managements  use  bolls  of  0-98-i  inch  i25  millimetres; 
diameter. 

This  method  of  uniting  rails  by  means  of  (ish-plal«s  and  bolts  is  generally  recog- 
nised as  unsatisfactory;  and  consequently  attempts  are  made  in  all  directions  to 
improve  on  this  method. 

The  defects  of  this  method  are  first  shown  by  the  sleepers  on  each  side  nf 
the  joint  sinking  more  into  the  ballast;  for  this  reason  it  has  been  proposed  to 
mukc  these  sleepers  wider,  in  order  to  reduce  the  space  between  them  lo  13  inches 
(33  ccntimetresi,  and  to  use  at  these  places  sand  as  ballast. 

It  has  been  observed  that  when  a  vehicle  passes  over  a  joint  the  rail  which 
is  being  left  is  subjected  to  a  greater  amount  of  torsional  stress  than  the 
other. 

Experience  having  shown  that  a  bt'tterjoinl  results  when  rails  arc  fixed  according 
lo  the  «  Heindl  »  melhod,  one  management  has  I'xperinu'nlally  fixed  tension  plates 
to  the  sleepers  between  which  the  joint  is  situated;  thus,  in  this  case,  adopting 
Heindl's  method. 

The  frequent  breakage  of  the  fish-plates  lias  caused  managements  to  increase  the 
section  of  the  fish  plates  and  Id  suhstilule  for  fish-plates  of  flat  section  some  of 
angular  section. 

They  have  attempted  to  counteract  the  wear  on  the  lish-plates  hy  the  use  of  harder 
metal,  and  by  increasing  Ihe  bearing  surface  by  enlarging  the  head  of  Iho  rail,  and 
the  bearing  surfaces  of  the  fish-plates,  and  liy  lengthening  the  latter. 

Hen-  we  must  specially  mention  the  strong  form  itf  fishjoinl  ustid  on  the  Belgian 
State  Railway  in  which  the  lower  surfac^t  of  the  fish-plate  coincide^!  with  the  under 
surface  of  Ihe  rail,  in  such  a  way  that  it  is  supported  on  the  sleepers,  and  gives  a 
great  width  of  bearing  surfac*^  to  Ihe  joint.  The  fixing  of  the  fish-plates  on  to  the 
sh.-epers  is  made  by  means  of  screw-spilies  passing  tlirough  holes  drilled  in  the 
angle  thereof.  In  this  way  the  fish-plates  act  as  a  sort  of  bridge  supporting  the 
rails. 

The  Western  Railway  of  France  are  now  trying  ex [mtI mentally  a  system  of 
supported  joints. 

In  this  melhod  a  lojig  chair  is  used,  bridging  the  space  belweeii  ihe  hvo  sli'epers 
at  the  rail  joint.  The  rail  I'lids  are  secured  to  each  other  and  l"  llie  chair  by  a  fish- 
plate and  six  bolls  (Rg.  3). 
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Fish-plates  on  the  Weitem  of  France. 
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Sl-KQAL   CUNSUILCTIONS   AT   THK    KISH-JOINTS.    —    Scvt'ral    pUus   llaVG  b«Ml   SUllRlilted 

lur  counWiucting  tho  creeping  of  the  rallB.  Most  of  them  are  iniended  to  make  (he 
Iwo  slocpors  more  rigid  by  a  junction  piece,  and  some  even  by  the  use  of  inter- 
medinry  sleepisrs  lied  together. 

Wo  include  among  these  plans  : 

(1).  That  ufthe  Italian  Mediterranean  Company  in  which  Iwu  plates  joining  tliu 
two  BltHipers  are  usi-d  with  satisfeviory  results. 

(2).  That  uf  the  Society  of  the  Austro- Hungarian  State  Railways  consisting  of 
uniting  the  longitudinal  sleepers  to  the  transverse  sleepers  immediately  adjoining 
them,  either  by  means  of  an  iron  plate  and  an  angle  iron  placed  tike  a  St.  Andrew's 
OrDite,  or  by  ine^ns  of  several  iron  plates  placod  parallel  to  the  line.  The  Belgian 
Slate  Hallway  recommends  a  similar  metliod  uf  joining  a  number  of  sleepers  by 
In  111  rods. 

Another  method  is  to  bend  the  angled  part  of  the  lishplate  so  that  it  either  draws 
up  liglil  against  the  side  of  the  chairs,  or  of  the  sleepers,  or  of  the  foundation  plate. 

It  has  been  proposed  to  rivet  angle-irons  to  the  rails  which  would  be  fixed  to  one 
nr  two  intermediary  sleepers  by  means  of  dog-spikes  or  screw  spikes. 

It  should  be  mentioned  thai  the  use  of  an  increased  number  of  sleepers  is  recom- 
mnided  as  a  means  of  lessening  the  creeping  of  the  rail . 

Wo  may  conclude  that  Ihe  tendency  to  creeping  will  be  decreased  as  we 
Improve  ihe  method  of  making  the  rail  joints  and  of  securing  the  rails  to  tlic 
iliwpers. 

SlJr'R«-KI.KVATIOS  OF  THE  RAJLS  AKD  WIDENING  OK  THE  THACK  AT  CDBVES.  —  In  Considering 

ihe  udvantuges  of  the  above  arrangements  we  have  also  to  consider  the  arran- 
gi'ini^nls  for  supeT-elevalion  and  increase  of  gauge. 

Tim  different  managements  however  vary  so  j,'reatly  in  their  practice  that  no  sutis- 
I'miliiry  general  conclusion  can  be  arrived  at. 

Wf<  find  that  HM  inches  (\(H)  millimetrits)  is  tlie  maxinmm  supoi'-el«vation,  and 
I.I  inch  {'iS  millimetres)  ihe  maximum  increase  of  gauge  and  as  minimum  we  find 
nil  III  ImiUi  iu»o«. 

It  In  to  lie  iiotetl  thai  Ihe  railways  which  use  Ihu  lallcr  method  (nil),  allow  more 
clitaraiicft  than  is  ihe  case,  for  example,  with  ihe  (icrman  and  Austrian  raihvaj's, 
(VIdit  :ird  (longress,  Heport  on  questions  VHI  and  i\/7.) 

Maintknakck  or  l■KftHA^K^T  WAV.  —  The  miunlenanc^  of  the  permanent  way  i» 
I'Urrlvd  oul  by  two  methods,  either  by  repairing  when  reported  necessary,  or  by 
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examination  at  stated  intervals.     Neither  method  is  sufficient  by  itself,  each  requir- 
ing to  be  supplemented  by  the  other. 

In  both  cases  strict  attention  is  given  to  keeping  the  rails  in  their  correct  relative 
position. 

The  reports  referring  to  the  frequency  of  repairs  show  a  dependence  on  the 
amount  of  the  traffic,  and  on  the  age  of  the  line.  The  general  inspection  of  the 
road  ought  to  take  place  at  intervals  of  from  one  to  two  years. 

In  the  method  of  repairing  when  the  line  is  noticed  to  require  it,  each  section  of 
the  line  ought  to  be  adjusted  at  intervals  of  from  five  to  eight  months.  Most  railways 
do  this  twice  a  year. 

The  cost  of  adjusting  the  track  and  the  amount  of  labour  required  for  this  purpose 
vary,  according  to  the  statements  we  have  received,  within  large  limits.  The 
figures  given  show  that  the  annual  outlay  for  each  yard  of  the  line  varies  from 
1.76  d.  to  3.S2  d.  per  yard  (0.20  to  0.40  franc  per  metre)  and  the  labour  from  .15 
to  .40  of  a  day. 

No  direct  comparison  is,  however,  possible.  It  can  be  stated  that  the  regular 
syistem  is  more  costly  than  the  reporting  system ;  also  that  the  cost  increases  with 
the  age  of  the  rails  and  with  increase  of  traffic,  but  also  depends  on  the  general 
question  of  curves  and  gradients  and  largely  on  the  method  of  construction 
aiiopted. 

On  the  other  hand  the  expenses  arc  affected  to  an  appreciable  extent  by  the 
ballast,  by  the  amount  of  bearing  surface  of  sleeper  per  unit  length  of  rail,  and  by 
the  intcinsity  of  the  pressure  on  the  ballast  due  to  the  weight  of  the  traffic. 

In  the  table  appendix  11  we  have  made  calculations  respecting  the  lines  that  have 
supplied  us  with  information  regarding  the  total  number  of  sleepers  per  mile  of 
road.  We  have  assumed  the  sleepers  to  be  bedded  over  a  portion  of  their  length 
only ;  i.  e.  for  a  length  on  the  inside  of  each  rail  equal  to  the  length  projecting 
beyond  the  rail . 

The  total  varies  from  5.91  to  10.63  square  feet  per  yard  (600  and  1,080  square 
metres  per  kilometre)  :  the  average  for  the  lines  where  the  weight  on  the  wheel 
does  not  exceed  6.89  tons  (7  tonnes)  is  6.89  square  feet  per  ylrd  (700  square  metres 
per  kilometre)  and  for  those  where  the  weight  is  more  than  (7  tonnes)  the  average 
is  7.32  square  feet  per  yard  (744  stjuare  metres  per  kilometre). 

It  appears  that  those  lines  which  have  the  least  amount  of  sleepers  buried  per 
mile  are  those  which  haNii  the  heaviest  costs  for  repairs. 

However  is  it  impossible  to  establish  any  definite  direct  relation  between  these 
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two  il(;ms,  bi'causi- ihiTii  aff  lis  alrt-ady  mi'ntioncil.  so  many  utlicr  important  tir- 
cumstana's  which  ati'i'ct  the  cost  of  repairs. 

InfOHHATIUN    AJIOIT   TUG   CONST RtCT ION    OF    LI^KS    IIELO^<:IM:    TO    TIIR    UeH»AN    HAtU%AT 

Union.  —  To  compli-li'  IIh!  consiiionition  of  the  present  state  and  future  tendencies 
of  the  practicfi  of  permanent  way  construction,  we  have  to  refer  to  the  Iransaclious 
of  the.  fourteenth  meeting  of  (he  Engineers  of  the  lierman  Railway  Cnioii;  the 
conclusions  then  arrived  at  have  also  been  published  in  the  Bulletin  of  the  Kailway 
Congress,  volume  VIll,  n'  S.  May  1894.  p.  347-318. 

The  general  conclusion  arrived  at  was  that  the  following  arrangements  were 
adequate  for  loads  not  exceeding  13.78  tons  il4  tonnesy  per  pair  of  wheels  and  for 
speeds  not  exceeding  S6  miles  (90  kilometres)  per  hour  : 

Rails  weighing  66.5  lbs.  per  yard  (33  kilogrdms  per  metre;. 

With  sleepers  31,5  inches  (80  centimetres  apparti. 

Kails  weighing  70.3  lbs  per  yard  (35  kilograms  per  metre). 

With  sleepers  35.4  inches  (00  centiroetres)  apart,  such  sleepers  to  be  7  fcot 
10.5  inches  to  8  feel  10.3  inches  (240  to  'i70  c«nlimctn>s)  long  imd  S.90  p«!r 
0.98  inch  (15  >:  25  centimetres)  in  section  with  foundation  plates,  or  else  iron 
sleepers  weighing  from  131.2  to  143.2  lbs  (55  to  63  kilograms).  But  although 
such  arrangements  suffice,  for  business  reasons  it  is  considered  advisable  to  use 
stronger  forms  even  at  present. 

And  since  then  the  authorities  of  the  Prussian  State  Kailways  have  decided  to  use, 
on  their  main  lines,  rails  weighing  82.6  lbs.  per  yard  i41  kilograms  per  metre)  tho 
transverse  section  of  which  has  a  moment  of  resistjmce  of  11.77  cubic  inches 
(193  cubic  centimetres)  and  sleepers  measuring  8  feet  10.3  inches  per  10.2  inches  per 
6.3  inches  (270  centimetres  x  26  x  16)  spaced  33. 1  inches  {84  C4'ntimetres|  apart. 

The  State  Railways  of  Saxony  use  rails  weighing  92.1  lbs  per  yard  (45.7  kilo- 
grams per  metre)  with  a  moment  of  resistance  of  14.8  cubic  inches  (212  cubic 
centimetres)  placed  on  sleepers  8  feet2.4inches(2.5metres)  long  and  2  feet  8.3  inches 
(82.5  centimetres)  apart. 

The  Wurtemberg  State  Railway  has  recently  used  experimentally  rails  weighing 
87.7  lbs  per  yard  (13.5  kilograms  per  metre)  laid  on  met;d  slejBpers  (Ileindl  systemi 
which  are  8  feet  10-3  inches  (2.7  metres)  long  and  2  feet  3.3  inches  and  2  feet 
7.5  inches  (75  and  80  centimetres)  apart  respectively. 


StBEKCTH  of  PEHMAKEKT  WAV. 

information  on  the  question  \ 


-  All  the  managements  who  have  furnished  us  with 
1  are  now  considering,  inform  us  that  their  new 
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system  of  laying. the  road,  already  partly  carried  out,  and|  which  they  intend  to  use 
in  the  future  for  renewals,  will  satisfy  the  requirements  of  considerable  traflSc  for 
many  years  to  come. 

It  is  only  on  lines  with  heav}'  gradients  and  sharp  curves  where  increase  of  the 
load  on  the  wheels  is  contemplated  that  not  only  the  fish-joints  will  have  to  be 
strengthened,  but  also  some  of  the  other  portions  on  certain  sections  of  the  road. 

In  order  to  determine  a  good  type  of  road  for  express  traffic  it  is  necessary 
to  compare  the  different  types  of  permanent  way  and  their  various  parts. 

The  expert  who  has  to  decide  between  such  different  methods  which  answer  all 
requirements,  will  be  guided  by  the  principle  that  the  best  construction  of  line  is 
that  which  costs  the  least  for  maintenance. 

Elsewhere  a  proof  is  given  that  it  is  impossible  to  make  a  comparison  based  on 
this  principle  from  the  materials  at  our  disposal. 

Another  method  which  allows  us  to  compare  different  systems  of  construction 
reduced  to  a  common  basis  is  by  way  of  theory. 

Although  a  theoretical  examination  does  not  give  us  an  absolute  measure  of  the 
capabilities  of  a  line,  we  may  still  use  it  to  compare  different  methods  of  construc- 
tion, and  wc  may  admit,  other  things  being  equal,  such  as  the  ballast,  and  the 
depth  the  sleepers  are  buried,  that  the  amount  of  the  strains  imposed  on  the  rails 
and  sleepers,  and  the  compression  of  the  ballast  is  approximately  that  which  can  be 
deduced  from  formulae. 

We  will  now  consider  to  what  extent  the  present  status  of  theoretical  analysis, 
and  observations  made  on  rails,  allow  us  to  determine  whether  the  methods 
adopted  by  the  Administrations  in  strengthening  their  road  are  s^itisfactory,  and 
how  such  methods  may  be  improved  in  the  future.  In  doing  this  we  must  refer  to 
question  V-A  of  the  fourth  session  of  the  International  Congress.  There  are  givea 
methods  of  calculation  which  permit  us  to  allow  for  modifications  of  shape  in  the 
principal  parts  of  the  construction  of  a  railway. 

We  have  since  then  applied  this  method  of  calculation  to  the  comparison  of  tbie 
different  lines  laid  on  cross  sleepers,  and  we  refer  the  members  of  the  Congress  to 
our  paper  {Btilletiii,  p.  3,  189S,  vol.  IX)  entitled  «  The  sleeper  and  its  bearing  on  the 
ballast ». 

In  that  paper  we  attempt  by  a  detailed  circulation  to  establish  the  part  played  by 
the  sleeper  and  its  bearing  on  the  ballast  in  the  strength  of  the  line,  and  also  to 
determine  a  sUmdard  sleeper.  We  also  show  the  limiting  conditions  between 
which  the  engineer  has  to  keep. 
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We  sliull  follow  llie  lines  of  the  uliovo  nienlioned  papers  in  an  altumpL  to  diiii^r- 
raine  (with  the  material  at  our  disposal)  the  effect  of  the  shiipe  ami  iirriiiigi'ment  of 
tlie  different  most  essential  parts  of  the  track;  and  we  shall  also  take  into  considera- 
tion the  fact  that  the  demands  on  the  slren^th  of  the  permanent  way  are  not  merely 
dependent  on  [lie  wheel  loail  by  itself  but  also  on  the  distribution  of  this  load  and 
the  arrangement  of  the  sleepers. 


TllEOIIKTICAL    INVESTKMTKIN    (IK   TIIK    liVKOnjIATION   SUPl'MKI)   IIV   THE  ADMINISTn.VTlONS.  

With  the  inrormation  before  us  we  have  examined  the  c<mstrueliun  of  the  lines  and 
we  have  compiled  some  figures  which  serve  to  exemplify  the  amoutit  of  resistance  that 
the  line  can  offer  to  the  stresses  produced  by  the  dead  weight  of  the  locomotives  used 
on  that  particular  line. 

The  difference  between  the  figure  representing  the  resistance  calculated  ia  thisw^y, 
and  that  which  corresponds  to  a  strain  on  the  different  parts  equal  to  the  limit 
of  elasticity  conslilutes  a  margin  of  safety  intended  in  the  tirst  place  to  ensure  the 
necessary  resistance  lo  the  live  loads  and  lo  the  increased  stresses  due  to  increase  of 
speed . 

In  the  second  place  this  margin  of  safety  has  to  allow  for  the  gradual  decrease  of 
strength  that  the  marl  suffers  llirouti;h  the  continual  wear  and  tear  of  the  materials, 
particularly  the  rails  and  ballast,  under  (he  action  uf  the  trains.  This  may  become 
very  considerable. 

in  comparing  the  different  nays  of  constructing  the  line,  one  ought  not  only  lo 
consider  it  when  its  material  is  new,  but  also  w  hen  continual  weiir  has  brought  it 
to  the  extreme  limit  at  which  it  may  be  safely  used. 

\Vlien  laying  down  a  new  line  it  will  always  be  possible  It)  have  ballast  such  that 
the  resistance  of  the  line  may  be  indicated  by  a  coeliicient  of  ballast  K  ^  180.6 
(C  =  S).  For  this  the  foundations  may  be  of  inferior  quality  but  must  be  properly 
drained.  Higher  coetlicients  of  ballast  may  possibly  be  attained  if  the  sub-soil  be 
either  rocky  or  very  firm,  or  by  recourse  to  the  interposition  of  stonework.  Such 
coeDicients  tan  only  be  considered  admissible  (m  special  sections  of  the  road. 

During  the  working  of  the  line  the  elasticity  and  firmness  of  the  ballast  dimio> 
ishes  ctmtinually  by  reason  of  the  dctt'rioralion  undergone  by  its  particles. 

This  deterioration  is  brought  about  just  as  much  by  the  effect  of  the  traffic  (and 
work  required)  on  the  line  as  by  atmospheric  agencies.  We  shall  take  into  account 
in  our  calculations  this  reduction  in  the  resistance  of  the  ballast  by  giving  its  eoetfi- 
cient  its  least  value,  viz  :  K  ^  108.4  (C  =  '.ii. 
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When  considering  the  shape  of  section  of  the  rail  we  must  not  lose  sight  of  the 
fact  that  the  head  suffers  a  continual  loss  of  material  owing  to  wear. 

This  loss,  which  may  be  as  much  as  from  0*354  to  0-472  inch  (9  to  12  milli- 
metres), sensibly  reduces  the  section  of  the  rail,  and  has  a  marked  effect  on  the 
strength  of  the  rail  and  other  essentials  of  the  whole  road. 

In  making  our  calculations  we  have  taken  note  of  this  fact.  The  figures  are  given 
both  for  new^  rails  and  for  those  that  have  arrived  at  the  limit  of  their  wear  in  the 
table ;  the  respective  figures  being  separated  by  a  division  line. 

The  resistance  of  the  different  parts  of  the  permanent  way  depends  largely  on  the 
quality  of  their  material. 

In  making  the  calculations  we  have  assumed  the  materials  to  be  of  average 
quality,  and  accordingly  we  have  taken  as  the  value  of  the  modulus  of  elasticity  of 
the  metal  of  the  rails  and  metal  sleepers  E  =  24,170,000  and  for  wooden  sleepers 
B'  =  1,422,000  (=  1,700,000  and  100,000  respectively).  We  have  also  assumed  the 
sleepers  to  be  only  partially  embedded  between  the  rails  and  completely  embedded 
outside. 

It  follows  that  more  favourable  conditions  should  give  higher  figures  for  the 
resistance  of  the  line. 

The  results  thus  calculated  for  the  dead  load  due  to  the  heaviest  express  locomo- 
tive are  given  in  the  table  showing  the  strains  in  each  component  part  of  the  road. 

PttESSiRE  ON  THE  RAILS.  —  In  ordcr  to  determine  the  figures  which  influence  the 
rigidity  of  the  line  and  of  its  fastenings,  the  stress  on  the  rail  is  of  special  importance. 
I  have  shown  above  to  what  extent  this  stress  depends  not  only  on  the  load  but 
also  on  its  distribution  and  on  the  spacing  of  the  sleepers.  In  the  calculations 
made  I  have  considered  each  case  individually  from  its  different  aspects  and  thus 
have  obtained  the  maximum  on  the  rail. 

If  we  compare  the  different  values  of  this  pressure  P  on  the  rail  shown  in  the 
table  Appendix  IV,  we  find  that  with  worn  rails  P  is  between  3*235  tons 
(3-287  tonnes)  and  3850  tons  (3*912  tonnes)  on  lines  where  the  weight  on  the  wheel 
does  not  exceed  6-89  tons  (7  tonnes)  and  that  P  is  between  3105  and  4*691  tons 
(3 135  and  4766  tonnes)  on  lines  where  the  weight  of  the  wheel  is  more  than 
6.89  tons  (7  tonnes). 

A  point  to  be  specially  noticed  is  the  fact  that  the  lower  limit  of  the  pressure  P  can 
*n  the  case  of  the  greater  wheel  loads  become  equal  or  even  inferior  to  that  on 
Hues  with    wheel  loads  of  6*89   tons  (7  tonnes)  or  less,  and  this  fact  shows 
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clearly  the  influence  of  the  method  of  conslniction  of  the  road  and  the  dttttHbu- 
tion  of  the  wheel  loads. 

The  itiinimum  pressure  on  the  rail  is  found  on  those  lines  where  the  ratio  of  the 
distance  between  wheel  centres  to  the  space  between  the  sle<?pers  is  4*1  or  even  3-i. 

In  those  cases  in  which  the  smallest  pressures  have  rcsulUid  the  factor  y  =  -^ 
is  of  ImportaMcc  and  the  increase  of  this  ratio  results  in  reduced  pressure. 

In  general  we  may  conclude  that  on  a  line  with  hea\-)-  rails  and  the  sleepers 
closely  spaced  (that  is  where  the  value  of  It  is  ^reat<  it  Is  ad  van  la  genus,  so  Isr  as  the 
road  is  concerned,  to  use  locomotives  having  a  considerable  distance  between  wheel 
centres. 


Strain  in  ibe  rails.  —  On  lines  where  the  weight  on  the  wheel  does  not  exceed 
6-89  tons  (7  tonnes)  the  strain  in  the  rails  when  new  is  between  6-3S0  and 
8'2M  tons  per  square  inch  (1,000  and  1,300  kilograms  per  square  centimetre)  and 
in  Ihe  rails  when  worn  between  7156  and  !)-3S4  tons  per  square  inch  (1,127  and 
1,470  kilograms  per  square  centimetre). 

On  lines  on  which  the  wheels  are  more  heavily  loaded,  the  strain  when  th)?  rails 
are  new  is  between  o'828  and  S.oSS  Ions  per  square  inch  (918  and  1,!{52  kilograms 
per  square  centimetre)  and  between  6-666  and  lO'Oif  tons  per  square  inch  (1,030  and 
1  ,S89  kilograms  per  square  ceniimelre)  when  the  rails  are  worn.  As  an  average  we 
may  take  7'320 and  8'203lons  per  square  inch  |1- 153  and  I'SO^  kilograms  per  square 
centimetre). 

This  strain  represents  about  one-third  of  the  limit  of  elasticity  of  the  material. 

In  the  majority  of  the  lines  ^e^5arding  which  we  hiive  received  information,  the 
sleepers  have  such  a  great  re-sisling  moment  that  ihe  strain  only  averages  825  lbs 
per  square  inch  (58  kilograms  per  square  centimetre)  that  is  ono-fourth  of  the 
limit  of  elaslicity  of  the  material. 

We  have  thus  a  large  margin  of  safety  wliich  is  however  necessary  on  account  uf 
liierapidity  of  deierioraiion  of  the  wooil. 

For  iron  sleepers  the  strain  on  the  material  when  the  rails  are  worn  is  betw<een 
7*433  and  7  817  tons  per  square  inch  (1,171  and  1,231  kilograms  per  square  ceali> 
metre). 

In  the  case  of  worn  rails  the  sleepers  sink  to  a  depth  of  between  0  1<>4  to 
0.256  incb  (-39  and  US  cj^nlimcln^s).  But  if  we  leave  out  of  consideration  the 
St-tk>thardIUilway  which  hiis  sleepers  of  varying  section  and  to  whtih  consequently 
the  above  reasoning  cannot  readiiy  be  applied,  the  sleepers  sink  from  0*154  inch  to 
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0  224  inch  (-39  to  -57  centimetres)  with  a  mean  of  0  189  inch  ('48  centimetres);  that 
is  between  narrow  limits. 

The  corresponding  pressure  on  the  ballast  (again  not  considering  the  case  of  the 
St-Gothard  Railway)  is  between  16-3  and  24-46  lbs  per  square  inch  (1.16  and 
i-72  hilograms  per  square  centimetre),  averaging  20*48  lbs  per  square  inch 
(1*44  kilogram  per  square  centimetre);  this  is  72  p.  c.  of  the  28'%4  lbs  per  square 
inch  (2  kilograms  per  square  centimetre),  taken  as  the  limit. 

The  theoretical  examination  of  the  existing  methods  of  construction  that  we  have 
just  made  enables  us  to  give  the  following  results  : 

(1).  On  lines  where  the  weight  on  a  pair  of  wheels  is  less  than  13*78  tons 
(14  tonnes)  rails  with  a  large  base  and  a  maximum  weight  of  70-5  lbs  per  yard 
(35  kilogrammes  per  metre)  can  be  used  for  a  heavy  traffic  with  high  speeds,  provided 
that  the  sleepers  are  of  sufficient  size  and  not  laid  too  far  apart. 

(2).  On  lines  where  the  weight  on  a  pair  of  wheels  exceeds  13*78  tons  (14  tonnes) 
and  increase  in  the  weight  of  the  rail  beyond  70.5  lbs  per  yard  (35  kilograms  per 
metre)  seems  necessary  with  a  resisting  moment  of  the  rail  of  9*16  inch  (150  centi- 
metres), and  these  heavier  rails  should  be  used  in  conjunction  with  substantial 
sleepers  closely  spaced. 

(8).  On  lines  where  the  rails  are  heavy  and  the  sleepers  closely  spaced,  the  use  of 
locomotives  with  the  axles  well  apart  and  the  leading  and  trailing  wheels  not  very 
heavily  loaded  appears  advantageous  in  relation  to  the  wear  of  the  line. 

Strains  in  the  fish-plates.  —  In  table  appendix  V  we  have  set  out,  for  the  lines 
devoted  to  express  traffic  that  we  have  received  information  on,  the  strains  in  the 
ffsh-piates  calculated  according  to  the  theory  of  Di^  Zimmermann,  which  is  laid  down 
in  the  report  on  question  V-A  of  the  International  session  of  Congress  held  at 
SaintrPetersburg. 

But  as  this  theory  is  based  on  the  hypothesis  that  the  length  of  the  fish-plates  does 
not  exceed  the  distance  between  the  sleepers  at  the  fish-joint,  a  state  of  affairs  which 
we  only  find  on  the  lines  mentioned  under  the  n^  4,  5  and  7  in  the  table,  we  shall 
nevertheless  apply  this  to  the  other  types  of  permanent  way  where  longer  fish-plates 
are  used,  in  order  to  obtain  an  idea,  if  only  an  approximate  one,  of  the  stress 
upon  them. 

The  fish-plates  that  we  have  taken  for  our  calculation  have  together  a  resisting 
moment  of  between  21  and  60  p.  c.  of  the  resisting  moment  of  the  rails  they  are 
used  to  imite;  it  follows  from  this  that,  on  the  lines  we  have  considered,  the  fish- 
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'  plates  work  at  a  tensile  sirain  of  between  8-071  and  21-23  tons  per  » 
(1,271  and  3,343  kilograms  per  square  centimelre)  even  under  a  dead  load  of  6-8  to 
7-7  tons  fl5,90O  to  7,800  kilogramsi. 

The  lines  on  which  the  risli-plales  have  the  least  strain  are  those  shown  under  the 
n"'  1  and  2,'ft,  which  only  have  a  maximum  weight  on  the  wheel  of  G-8  Ions 
(6,000  kilograms^. 

With  regard  to  the  fish-plates  n°  2/(t,  it  must  he  noticed  in  their  favour  that  the 
sleeper  is  of  very  strong  section,  I  =  18i'3  square  inches  X  square  inch  (I  =  7,672 
square  centimetres  x  square  centimetre);  that  the  space  between  sleepers  at  the 
fish-joint  is  small,  187  inches  (17-4  cenliniKresj;  and  that  the  lish-plate  is  long 
28-7  inches  (73  centimetres).  The  ratio  of  the  moment  of  resistance  of  the  two  fish- 
plates to  that  of  the  rail  is  comparatively  high  (48  p.  c.i. 

The  system  of  fish-plate  wliich  according  to  our  calculations  shows  the  worst 
results  is  thai  given  under  n"  7  which  carries  a  maximum  wheel  load  of  7'38  tons 
(7,500  kilograms).  In  this  case  the  sleepers  are  very  weak,  I  —  107'JJ  square  inches 
X  square  inch  (4,475  square  centimetres  x  square  centimetre);  the  spac«  between 
the  sleepers  at  the  Hsh  joint  is  large,  2362  inches  (60  cenlinifitresi ;  the  fish-plates 
are  short,  17  72  and  21-26  inches  (43  and  McentimHres)  respectively ;  and  Ihc  resist- 
ing moment  of  the  two  fish-plates  is  only  21  p,  c.  ofthatof  the  rail.  The  Company 
in  question  is  already  adopting  stronger  fish-plates 

Here  we  again  find  land  this  has  already  been  stated  in  Ihe  report  on  question  V-A 
of  the  International  Congress  at  Saint- Petersburg i  that  the  strength  of  the  tiah-platc 
does  not  only  depend  on  the  construction  of  the  fish-plate  itself  ithat  is  on  its  abso- 
lute resisting  moment  and  its  length)  but  also  on  the  other  membiTS  used  in  the 
construction  of  the  line,  such  as  the  si»;  and  spacing  of  the  sleepers,  and  a  suitable 
ratio  between  their  resisting  moment  and  that  of  the  rails. 


Mode  of  kanuckactlhe  anu  nati  rf.  op  hail  metal.  —  We  do  not  find  in  the  replies 
sent  us  by  the  Administrations  sullicient  information  to  enable  us  to  defmilety  give 
the  best  mode  of  manufacture  and  the  most  suitable  class  of  material. 

In  our  reply  to  question  V-A  of  the  Saint-Petersburg  session  of  the  Congress  we 
have  mentioned  those  points  which  seem  to  us  of  importance  in  this  relation,  in 
particular  we  have  drawn  attention  to  the  fact  that  no  one  class  of  Ihe  tests  usually 
applied  can  of  itself  give  us  complete  information  on  all  the  properties  affecting 
the  safety  and  durability  of  llie  rail. 

In  order  to  obtain  awell  founded  opinioji  on  the  quality  and  reliability  of  Ihe  rail 
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it  is  necessary  to  compare  the  results  of  the  different  mechanical  tests  with  those 
obtained  by  chemical  analyses. 

The  way  the  rail  behaves  depends  not  only  on  its  mechanical  properties  thus  as- 
certained but  also  on  the  greater  or  less  degree  of  homogeneity  of  the  metal. 

We  have  also  said  that  in  determining  the  proper  hardness  for  the  rails,  we  must 
not  lose  sight  of  the  reciprocal  action  between  the  wheel  and  the  rail,  and  conse- 
quently it  would  be  better  to  use  rails  of  steel  of  the  same  hardness  as  that  which 
has  been  found  best  for  the  tyres. 

The  replies  of  the  managements  show  us  that  material  of  very  different  breaking 
strength  is  used. 

The  Austrian,  Italian,  Gothard,  Belgian  State,  and  Dutch  railways  use  rails  with 
a  breaking  strength  of  o4'92  to  42'54  tons  per  square  inch  (5S  to  67  kilograms  per 
square  millimetre)  with  an  elongation  of  from  15  to  20  p.  c.  On  the  other  hand,  the 
French  railways  and  Egyptian  Railways  use  rails  having  a  breaking  strength  of 
4i*45  tons  per  square  inch  (70  kilograms  per  square  millimetre)  to  50*80  tons  per 
square  inch  (80  kilograms  per  square  millimetre)  and  even  62*23  tons  per  square 
inch  (98  kilograms  per  square  millimetre)  with  an  elongation  of  from  10  to  15  p.  c, 
and  some  even  with  an  elongation  of  1  to  4  p.  c. 

We  will  simply  state  that  there  is  a  tendency  to  give  the  preference  to  hard  steels 
of  high  tensile  strength.  It  is  important  that  when  such  rails  are  used  the  material 
should  not  be  brittle. 

The  excellent  results  to  be  obtained  with  such  rails  seem  to  be  substantiated  by 
observations  made  on  the  Paris-Lyons-Mediterranean,  Orleans,  and  Egyptian 
Railwavs. 

We  can  here  add  that  at  the  last  meeting  of  the  engineers  of  the  German  Railway 
Union  held  at  Strasburg  in  1893,  it  was  said  from  the  information  received  from  the 
different  lines  belonging  to  the  Union,  that  hard  steel  rails  offered  a  greater  resis- 
tance to  the  wear  and  tear,  but  are  more  liable  to  fracture,  particularly  if  their  elon- 
gation is  small  and  if  the  material  they  are  composed  of  is  not  sufficiently  pure  and 
not  enough  work  has  been  put  on  it. 

We  shall  be  in  a  position  to  give  a  more  precise  answer  to  this  question  when  we 
have  obtained  some  results  of  the  inquiry  set  on  foot  by  the  German  Union, 
especially  with  regard  to  the  quality  of  the  materials. 

The  information  supplied  us  by  the  managements  with  regard  to  steel  rails  does 
not  permit  us  to  draw  any  definite  conclusion  as  to  the  merits  of  either  Bessemer  or 
Martin  steel  made  by  either  the  basic  or  acid  processes. 


It  is  worthy  or  nutice  that  the  larue  majority  of  the  raaaageiuents  uS^aHS 
by  the  Martin  process  or  by  llie  acid  Bessemer  process. 

Only  two  managements  also  use  rails  of  Thomas  steel  obtained  in  the  converter 
basic  process. 

This  is  clue  to  the  fear  that  it  is  more  ditficult  to  obtain  hani  rails  of  miiinrm  q 
lity  by  the  basic  process  than  by  Lhc  ucid  one. 

This  point,  which  already  has  be(m  alluded  ti>  by  M.  Bricka  in  his  report  on  t'r 
ture  of  rails  road  at  the  Paris  session  of  the  InliTiiational  Congress  of  1889  V(I-E 
an^in  raised  in  a  communication  that  has  been  sent  us  by  the  Paris-Lyons  e 
Mediti^rranean  Railway  Company. 

The  report  of  the  Strasburg  meeting  of  1893  to  which  we  have  already  allut 
seems  to  put  the  facts  Ihua  :  n  Such  information  as  we  have  at  present  leads  us 
tliiuk  that  the  Bessemer  or  Martin  steel  rails  are  mure  satisfactory  lliau  those 
Thomas  steel ;  but  at  the  same  time  the  present  state  of  knowledge  does  not  ena 
us  to  decide  how  far  this  maybe  due  toditference  Jn  the  nature  of  the  ste«l,  or  to 
amount  of  work  put  on  it,  or  to  the  care  exercised  in  the  manufacture  of  the  rath 

In  our  opinion  the  managements  should  next  devole  their  attention  to  the  o\v 
dalion  of  this  question  by  giving  us  careful  and  trustworthy  statisties. 


EXI'EHIKENTR  TO    Din^HlllNE    STBESSRS    tltJE  TO    nOLLING    LOAAS.    —    The    luteruatio 

Railway  Congress  has  repeatedly  urged  the  necessity  of  recording  observations,  s 
of  making  special  experiments  to  determine  the  nature  and  extent  of  the  stres 
due  to  rolling  loads  on  the  rails. 

At  the  meeling  held  at  Milan,  the  Belgian  State  Railway  communicalod  the  rest 
of  some  experiments  made  for  this  object.  Tlie  Paris,  Lyons  and  Meditcrran* 
Hallway  published  the  results  of  comprehensive  experiments  in  the  Itevue 
ehemins  de  fer  of  1887-1889;  these  were  considered  of  suKicient  importance  to 
quoted  In  the  reply  to  questions  IV  and  V-A  at  the  fourth  session  held  at  Sal 
Petersburg. 

The  statements  of  the  managements  show  that  since  then  they  have  not  made, 
at  all  events  have  not  published,  any  further  observations  on  this  subject. 

The  management  of  the  Kaiser  Ferdinand's  Nordbaha  has  considered  the  meth( 
and  appliances  to  be  used  to  observe  the  phenomena  attending  high  speeds  a 
resultant  heavy  stresses  and  they  have  come  to  the  conclusion  that  there  if 
method  as  good  as,  let  alone  better  than  the  photographic  one. 

Up  to  the  present  the  work  in  this  direction  has  only  been  carried  a 


d^^ign  and  construction  of  a  recording  apparatus  for  making  these  experiments. 
It  would  be  beyond  the  scope  of  this  paper  to  give  a  detailed  description  of  this 
|)aratus  and  the  results  that  have  been  obtained  from  it;  v^e  only  draw  attention 
it  in  the  hope  that  we  may  induce  managements  to  make  similar  experiments  by 
method  indicated. 
A^e  cannot,  however,  omit  giving  several  of  the  actual  diagrams  which  show  the 
lovement  of  the  rail-ends  at  the  fishjoint  (appendix  VII,  plates  1-6). 
This  we  do  in  order  to  show  how  extremely  sensitive  and  accurate  the  instrument 
is ;  but  without  analysing  the  result  obtained. 

The  greatest  difficulty  to  overcome  was  to  arrange  our  apparatus  in  such  a  way 
that  it  was  unaffected  by  vibrations. 

Two  ways  of  doing  this  were  tried,  each  proving  equally  satisfactory. 

One  way  consisted  of  making  a  completely  isolated  platform  on  a  foundation 

^  feet  6  inches  (9  metres)  deep,  and  built  with  layers  of  felt  between  the  bricks. 

The  other  method  consisted  in  making  a  solid  wooden  frame  supported  on  four 

P>les.     To  protect  these  piles  as  much  as  possible  from  the  effects  of  the  vibrations 

the  foundations  were  laid  in  deep  pits. 

This  erection  served  as  a  stand  for  the  camera. 

highly  polished  metal  edges  were  fixed  to  the  points  of  which  we  wished  to 
<>*>s«rve  the  movement;  by  this  means  we  obtained  a  sharp  image  on  the  sensitised 
plate.  A  millimetre  scale  is  fixed  by  the  point  to  be  observed,  which  being  photo- 
^'^phed  gives  the  necessary  scale  on  the  plate.  • 

'''he  plate  is  only  exposed  through  a  narrow  vertical  slit. 

*his  plate  receives  a  uniform  motion  behind  this  slit  by  means  of  a  clock-work 
'Movement  thus  continually  exposing  a  fresh  ray  on  the  plate. 
A  record  in  the  form  of  a  continuous  line  is  thus  obtained. 
^^    this  way  we  obtained  a  diagram  completely   analogous  to  those  hitherto 
^btair^ed  by  the  lever  apparatus,  the  only  difference  being  that  in  this  the  lever  is 
^P'aoed  by  a  ray  of  light,  and  the  roll  of  paper  by  a  sensitised  plate. 

^'^^  apparatus  had  to  be  made  of  fairly  large  size  in  order  to  admit  of  the  record 
th^  movements  being  made  to  a  magnified  scale. 
*^*^^  plates  measured  512  X  14-17  inches  (13  x  36  centimetres). 
*^«^  figures  (3)  and  (4)  show  the  arrangement  of  the  mechanism  used  to  move  the 

front  elevation  figure  3  clearly  shows  the  narrow  slit  through  which  the 
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^^   •^^  light  pass,  and  also  the  movable  frame  which  carries  the  sensitised  plate. 


The  back  view  figure  i  shows  tlie  way  the  clock-work  mechanism  is  attached  to 

the  camera. 

The   electro-magnetic  nieclianism  is  also  shown  which  is  gnvcrncd  by  an   Indc- 
incJant  clock  movement  and  which  alterniitely  covers  and  uncovers  part  of  the  slit. 

By  Ibis  means  the  seconds  are  marked  and  Ihe  speed  Ihus  recorded. 


Type  of  IJne  to  be  adopted  for  trains  ninning  at  very  high  speed. 

.4.    —    CeNEIIAL    C0NSinEli,\T10NS. 

When  we  consider  the  question;  reWhat  are  the  principles  which  delermine  the 
construction  of  permanent  way  which  is  to  offer  sufficient  resistance  to  the  stresses 
set  up  by  trains  running  at  high  speed,  we  come  to  the  conclusion  that  at  present  we 
can  give  no  definite  answer. 

Actual  practice  shows  that  some  modes  of  construction  of  tlie  line  on  different 
S)'8tt*ms  allow  of  high  speeds ;  nevertheless  it  is  scarcely  possible  to  decide  that  the 
ooastruclion  of  existing  Uses  answers  this  purpose  either  taken  as  a  whole,  or  consi- 
dered in  detail.  To  dceide  how  far  we  may  copy  these  to  obtain  a  satisfactory 
mellioil  of  construction  can  only  be  determined  when  the  results  obtained  in  actual 
practii^  are  further  confirmed  by  the  analytical  method  of  examinalion. 

But  when  we  attempt  to  apply  such  a  method  of  analysis  and  to  combine  the  ' 
results  of  experiment  and  theor>-,  we  are  met  by  the  difficulty  that  these  results  and 
more  particularly  those  which  are  obtained  from  mathematical  formulae  do  not 
allow  us  to  definitively  obtain  the  influence  of  the  velocity  of  movement  on  the 
stress  on  the  rail  and  do  not  enable  us  to  calculate  directly  the  dimensions  relating 
to  the  permanent  way, 

ExiSTiNi;  KOHML'LAE.  —  The  only  formulae  in  which  the  speed  enters  as  a  factor  are 
those  which  take  into  account  the  centrifugal  force  set  up  when  the  train  is  running 
rotin«l  a  curve. 

HoBizoNTAL  centhifih;al  foiice.  —  Only  when  the  road  is  curved  doi'S  a  horizontal 
centrifugal  force  come  into  play.  It  has  been  attempted  to  munteract  this  by  giving 
superelevation  to  the  outer  rail.  This  as  is  well  known  produces  a  number  of 
disadvantages.     Hence  the  question  of  superelevation  cannot  yet  be  considered  defi- 
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Bly  settled.    We  can  even  show  tijooretically,  and  several  casea  have  coni 
this  view  in   practice,  Ihal  in  many  cases  id  which  superelevation  is  at  present 
applied  it  is  quite  unneceasary. 

Vrhtical  centhifiigal  force.  -  Formulae  have  previously  been  given  which  take 
into  account  a  vertical  centrifugal  force  on  straight  and  curved  linps.  This  force  is 
due  to  the  bending  of  the  rails  between  consecutive  sleepers  as  the  vehicle  passes 
over  tlieni.  They  consequently  have  to  travel  over  an  elastic  curve  which  lliey  cause 
by  their  own  movement.  These  formulae  take  into  account  Ihe  increase  of  the 
stress  on  the  rail  due  to  the  speed,  and  this  is  important,  because  having  regard  to 
the  preponderating  inlluence  of  the  vertical  load  on  the  rail  when  making  our  cal- 
culations, Ihey  contain  at  least  one  factor  which  depends  on  the  speed. 

Only  these  formulae  are  useless  because  the  wheels  of  the  vehicle  do  not  follow 
exactly  the  elastic  curve  of  the  mil.  Tiiey  take  a  different  path  which  would  be 
parallel  to  the  surface  of  the  rail  if  it  were  not  for  the  fact  that  other  factors  which 
cause  the  wheel  load  to  vary  intervene. 

Formulae  for  drad  loads  and  live  loads.  —  Nevertheless  the  formulae  which  are 
used  In  the  case  of  dead  loads  may  also  be  employed  in  the  case  of  live  loads  if  we 
substitute  for  the  wheel  pressure  on  the  rail  due  to  the  dead  load  the  value  of  this     ^ 
figure  in  the  case  of  the  moving  load.  . 

In  making  these  calculations  the  momentary  value  of  the  wheel  pressure  due  to    | 
live  loads  is  taken  as  a  static  load.    The  value  of  this  pressure  varies  during  the     ( 
movement  of  the  wheel  and  we  must  base  our  calculations  on  its  maximum  value.      ] 
The  question  thus  reverts  lo  the  determination  of  this  maiimum  iiiid  in  this  case  we 
are  considering  to  what  extent  it  depends  on  the  speed. 

Influence  of  the  si'Eed.  —  The  changes  in  the  toad  on  the  wheel  are  due  to  Ibe    | 
oscillations  and  other  disturbing  movements  of  the  engine  and  carriages.  I 

The  speed  has  to  be  considered  in  this  coniiecUon  because  the  higher  it  is.  the    | 
more  rapid  are  Ihe  variations  of  tlie  toad. 

A  large  increase  in  the  load  can  even  lake  place;  as  for  example  when  the  blows 
follow  each  other  so  quickly  that  the  oscillation  caused  by  one  blow  is  not  com- 
pleted before  the  next  blow  is  given  and  the  directions  of  the  successive  blows 
coincide. 

Theoretical  research  does  not  appear  to  have  touched  on  this  point;  at  least  no   , 
published  research  on  this  subject  is  generally  known.    We  have  thus  here  an 
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existing  instance  of  the  influence  of  speed  that  should  be  taken  into  account  in  our 
calculations  for  the  permanent  way,  but  which  till  now  has  not  been  considered  in 
the  formulae. 

The  determination  of  this  maximum  pressure  of  the  wheel  is  rendered  still  more 
uncertain  by  the  effect  which  these  variations  produce  in  the  reaction  of  the  rail  due 
to  the  momentary  pressure;  for  these  are  mutually  interdependent. 

Reactions  of  the  permanent  way.  —  The  permanent  way  offers,  as  we  know  an 
elastic  support  to  the  vehicles  moving  over  it.  It  yields  under  the  load  to  an  extent 
which,  as  can  be  seen  approximately  in  practice,  is  proportional  to  the  load  if  this 
latter  be  kept  within  certain  limits.  A  special  calculation  shows  also  that  although 
with  a  given  load  the  total  amount  of  this  yielding  varies  with  the  rigidity  of  the 
construction  of  the  permanent  way  and  with  the  elasticity  of  the  ballast,  it  remains 
nearly  the  same  for  an  individual  road,  both  when  the  load  is  directly  over  a  sleeper 
or  supported  on  the  rail  between  two  consecutive  sleepers. 

If  the  load  were  always  constant  in  magnitude  while  in  motion  the  sinking  of  the 
road  would  be  the  same  at  each  point  consecutively  covered.  The  path  that  the  load 
would  then  actually  nove  in,  would  be  in  a  line  below  the  normal  surface  of  the  rail, 
but  always  parallel  to  it,  and  that  without  regard  to  the  variations  in  level  of  the 
original  road.     This  is  the  case  which  we  have  cited  as  an  example  above. 

But  as  the  amount  of  the  pressure  is  variable,  the  sinking  of  the  line  will  at  each 
point  be  proportional  to  this  amount  and  hence  will  vary  just  as  much  as  the 
amount  of  the  pressure  does. 

There  will  not  be  as  in  the  preceding  case  uniform  sinking  under  each  wheel  of 
the  vehicle,  but  it  will  vary  and  be  above  and  below  the  average.  The  actual  path 
of  the  wheel  will  no  longer  be  in  a  line  parallel  to  the  surface  of  the  rail,  but  will 
be  in  an  undulating  line  and  the  vehicle  will  rise  and  fall  while  moving  in  exact 
accordance  with  the  alterations  of  level  now  obtained. 

This  rising  and  falling  of  the  vehicle  produces  oscillations  in  its  suspended  part, 
which  again  react  and  affect  the  pressure  of  the  rails.  This  reciprocat  increase  of 
the  sinking  of  the  road  and  of  the  variations  of  the  load  does  not  continue  in  defini- 
tely, but  as  in  all  similar  cases  there  is  a  definite  limit.  The  effect  of  the  speed 
should  here  be  considered  just  as  we  have  considered  its  effect  in  the  case  of  the 
wheel  pressure  of  the  locomotive,  but  in  this  case  it  is  greater,  since  here  the  action 
on  the  road  must  be  taken  into  account. 

Dstermination  of  the  effect  of  sp^ed  on  the  MAXiMt'N  LOAD.  —  The  great  influence 


wkicfc  Uw  speed  has  wi  the  maximum  loud  nblained  during  movement  ^or  the 
$h<^'«IM  vt\»KUiuc  action  ofllic  live  load)  has  herewith  been  clearly  described  as  to 
Ms  wahtiv  Iml.  iinfttrtunatcly,  not  as  to  its  quantity.  But  this  is  the  very  faclor  we 
MtMifv  iu  txrJrr  to  bf  able  to  construct  a  road,  wiiich  shall  not  only  satisfy  the 
anMRMM'Ot^  o"  ''  !*"•  '*'*"  *''""  ^^  "'^  rational  construction. 

T1k«  ttviMimc  ai'tion  of  the  vehicles  and  the  amount  of  the  sinking  of  the  track 
mmI  Wh-  \wi«lH*li3  in  this  amount  arc  considcrod  in  dvtnil  in  tlu'  report  V.  A.  of  thf 
»^W'|N*'«1h>»S  si'ssit'n  of  the  International  Railway  Congress,  but  without  dpfinit« 
i,\«»kK'rtt>'.yi  »>f  thi'  t'lTi'ct  of  the  speed.  On  that  occasion  wv  gave  estimated  values 
ft»f  tho  »Hh*"»l  >'f  '1**^'  tlyismic  action,  and  we  gave  certain  formulae  enabling  the 
t,'«K'«ilAtH>il  for  the  permanent  way  required  to  be  made,  due  consideration  being 
lli>>'^\  l>»  Ihi'  rUsticity  of  the  ballast  which  would  allow  us  to  establish  a  method  of 
WMWinivtiiiH  *  li'"'  ""  *'"^"  '^^  ''''^'  a™ou"t  of  the  maximum  load  is  known. 

We  haw  shown  that  the  maximum  load  depends  on  how  much  the  permanent 
tt«v  vit>IU»,  on  thi'  method  of  construction  of  the  rolling  stock,  especially  of  the 
|»H\>mollv«i,  ami  on  the  speed.  The  amount  of  yielding  of  the  road  is  confined 
wklhin  t^irly  narrow  limits,  and  its  quantitative  determination  can  be  made  la  each 
llullvldiial  onse  with  sufficient  accuracy.  This,  by  itself,  does  not  enable  us  to 
ilelt'rminn  the  nniount  of  the  maximum  load. 

'\'\\u*  whrit  we  wish  to  establish  a  suitable  method  of  construction  ol  road  with 
(HtnAi>)<'>'ulioii  to  ll"'  speeds  of  the  live  load  we  are  always  confronted  by  a  problem 
tH>|  yet  (olved. 

I'lir  only  way  nf  overcoming  this  difficulty  consists  in  estimating  the  highest 
vhIuo  of  the  posHible  or  probable  maximum  load;  and  consequently  one  is  obliged 
III  ooiiBtruct  n  line  which  in  most  cases  is  stronger  than  is  really  necessary. 


HKUTIoN  tlKI WKKN  TUK  EXt-F,MHnnE  ON  llOLLI^C  STOCK  AND  ON  I'ERMANENT  WAV-  —  Here 

wo  sihonld  remark  that  the  rolling  slock  and  Ihe  permauenl  way  taken  together  form 
II  Hliiglf'  nienns  of  transport. 

In  order  to  obtain  the  best  construction  of  the  hitler  il  is  necessary  that  the 
It'lntion  which  the  e«8t  of  the  rolling  stock  and  its  mainlenance  and  the  cost  of  the 
liiTinanunl  way  and  its  maintenance  together  bear  to  the  capacity  oftliewhole  should 
he  H  minimum.  Kolllng  stock  which  is  built  and  kept  in  repair  at  the  lowest 
IniMible  wmt  nearly  always  necessitates  a  permanent  way  more  cosily  both  in  con- 
mruotion  and  maintenance.  On  account  of  the  great  length  of  the  road  its  expensea 
liiuv  hoi'cmi'  so  confiiilorable  thai  it  is  worth  while  to  determine  in  each  individual 
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case  whether  the  total  expenses  as  set  forth  above  are  actually  a  minimum. 
The  work  a  permanent  way  has  to  do  constantly  increases.  Speeds  are  increased, 
more  express  trains  are  run  and  their  weight  is  increased.  Locomotives,  unfor- 
tunately, are  very  often  constructed  so  that  their  cost  for  given  conditions  as  to 
power  is  as  small  as  possible.  Further  it  is  necessary  to  make  the  permanent  way 
stronger  than  is  absolutely  necessary  because,  the  maximum  load  being  only  esti- 
mated, a  large  margin  of  safety  must  be  allowed.  We  thus  arrive  at  the  fact  that 
great  demands  are  made  on  the  strength  of  the  road;  the  question  then  arises  how 
for  such  demands  may  be  extended. 

Highest  attainable  limit  of  the  strength  of  the  permanent  way.  —  When  this 
question  is  considered  the  following  conclusion  is  arrived  at  :  the  strength  which 
can  be  given  to  the  road  has  a  highest  possible  limit;  roads  of  strong  build  at 
present  are  not  much  below  this  limit. 

There  are  two  factors  which  chiefly  necessitate  this  result :  first  the  necessity  of 
using  such  materials  as  we  have  to  hand  for  the  ballast  and  foundations  so  far  as 
these  are  unworked,  and  second  the  width  of  the  gauge  of  the  line,  which  is  abso- 
lutely unalterable. 

The  results  of  experiments  made  for  the  purpose  show  that  neither  the  ballast 
not  the  foundation  should  where  loaded  take  a  higher  pressure  than  28*44  to  42*66  lbs 
per  square  inch  (2  to  3  kilograms  per  square  centimetre).  If  the  lower  value 
p  ==  28*44  lbs  per  square  inch  (2  kilograms  per  square  centimetre)  the  ballast  will 
list  for  a  comparatively  long  time;  and  the  cost  of  maintenance  of  the  road,  which 
kas  a  better  life,  is  not  too  heavy. 

The  extent  of  the  surface  which  transmits  the  pressure  to  the  ballast  depends  on 
the  area  of  the  lower  faces  of  the  sleepers,  which  transmit  the  pressure  from  the  rails 
to  the  ballast. 

The  maximum  pressure  of  the  rail  depends  on  the  maximum  momentary  wheel 
pressure  due  to  the  train,  and  on  the  stifl^ness  of  the  rail. 

The  stiffness  of  the  rail  must  be  taken  into  consideration  because  the  load  is 
transmitted  to  other  sleepers  than  those  which  directly  support  the  load  on  the  rail. 

Calculations  on  this  point  show  us  however  that  when  the  stifl^ness  is  uniformly 
increased  the  increase  of  its  utility  for  this  purpose  becomes  rapidly  smaller  and 
smaller.  In  a  rail  of  about  90*7  lbs  per  yard  (45  kilograms  per  metre)  the  limit  is 
reached;  any  further  increase  in  the  stiffness  of  the  rail  has  practically  no  effect  in 
distributing  the  load  over  more  sleepers. 
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When  the  iruiximum  pressure  is  iittaiiieii  we  can  (iml  no  ineiinE  of  dJEtrlbuling    S 
over  a  iHfger  number  of  sleepers  unless  imleeil  we  are  willing  io  use  rails  of  mors  - 
8trous  construction;  to  give  them  the  form  of  a  girder,  or  use  that  construction  i 
which  the  thIIs  are  fixed  to  girders  resting  on  the  sleepers.     Those  can  scari^ly  I 
considered  rational  methods  of  construction  consisting  as  they  do  of  very  stiff  con- 
tinuous girders  resting  on  elastic  supports.     These  far  fetched  ideas  which  are  thes 
result  of  an  imagination  that  has  been  allowed  to  run  riot,  are  prohibited  by  reasfin 
of  their  expense. 

A  belter  means  of  distributing  the  load  on  the  greatest  possible  number  of  Blee- 
pera,  and  also  on  the  greatest  possible  surface  of  the  ballast,  is  to  reduce  the  space 
between  the  sleepers,  and  to  increase  the  area  of  the  supporting  surfaces. 

These  two  measures  have  however  their  limits;  the  first,  bec^ause  sutticient  spice 
must  be  left  in  order  that  the  sleepers  mtiy  be  packed ;  the  second,  because  the  width 
of  the  sleepers  cannot  exceed  a  certain  amount  in  order  to  make  good  packing  pos- 
sible and  also  because  the  suitable  length  of  the  sleepers  depends  on  the  gauge  of 
the  track.  If  the  length  of  the  sleepers  exceed  a  certain  limit  the  pressure  of  the  rail 
will  cause  the  extremities  of  the  sleepers  to  rise,  and  consequently  excessive  length 
does  not  add  to  the  carrjing  power.  By  a  provisional  calculation  we  can  determine 
the  resisting  capacity  of  the  strongest  line  capable  of  being  constructed  on  an  ear- 
then foundation,  using  th"  possible  values  given  below.  Theresistanceofthebedofthe 
sleeper  is  measured  by  thecoeltident  of  ballast  K((^)  which  is  the  pressure  per  unit  of 
area  producing  compression  of  the  ballast  to  the  extent  of  i  inch  (1  centimetre). 
The  experiments  hiive  shown  that  K  {('.)  is  between  108'4  and  288U  lbs  per  square 
inch  (3  and  8  kilograms  per  square  ceulimflrej.  We  tan  conclude  that  in  by  far  Uw 
greatest  number  of  cases  the  highest  value  of  K  (C/  attnined  will  be  180'<i  lbs  per 
square  inch  (5  kilograms  per  square  centimotrei;  for  higher  values  of  K  (C)  are  only 
met  withincfisesofexceptionally  Urm  or  rocky  foundation  (In  ihi'  other  hand  with 
a  comparatively  inferior  sub-soil  we  may  lake  K  =  180-ti  lbs  per  square  inch 
iC  ^  5  kilograms  per  square  («ntimetrel  provided  that  this  sub-soil  has  been  well 
drained,  and  that  we  have  a  sufficiently  thick  layer  of  ballast. 

The  sleepers  are  assumed  to  be  11-8!  inches  =  b  i.tO  centimetres)  wide  aiid 
8  feet  10*3  inches  ^  2  /  long  (270  cenlimetresi.  The  product  of  the  moment  of 
inertia  and  the  modulus  of  elasticity  will  be  apiiroximalely  E'l' =  lO*  2-73  lbs 
X  square  inch  i  K'l'  =  8  x  iO*  kilograms  x  square  cenlimetrel  assuming  the  sleepers 
to  be  spaced  at  a  distance  of  23-62  inches  I'M)  centimetres). 

The  rails  will  have  a  moment  of  inertia  of  about  I  ~  43~24  square  incluts  ■  squan^ 
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inch  (I  =  1,800  square  wntimelres  v  square  centimetre].  This  corresponds  lo  the 
section  of  the  heaviest  rail  that  can  be  used  with  economy. 

If  we  designate  the  wheel  pressure  by  W  (G)  the  pressure  P  in  tons  (in  tonnes)  of 
the  rail  on  the  sleeper  which  is  directly  under  the  load  is  approximately  =  0*S  W 
(O'^G)  in  the  case  of  a  vehicle  having  its  axles  near  together.  In  the  case  of  a  vehicle 
having  its  asles  far  apart  we  may  take  P  =  0-4  W  (0-4  G). 

The  greslest  pressure;)^  on  the  ballast  per  unit  of  area  is  calculated  from  the  for^ 
mulae  or  tables  that  we  find  in  the  Paper  on  «  The  Steeper  and  its  hearing  on  the 
ballast  ».  We  find  there  that  when  h  =  11-81  inches  ib  =--30cenIiraetres)  /  ==  4  feet 
5.2  inches  {t  -=  133  centimetres)  and  ~~  =  2*73  Ihs  x  square  inch  [8  kilograms 
X  square  centimetre)  and  P  ^  1  ton  li  /owwei  p^  in  lbs  per  square  inch  (kilogram 
per  square  ccntimelrei  has  the  following  values  : 

For  sleepers  partially  packtxl  : 

K  -  108-4  (C  =  3) pr  =  4-30o  P.  (/),  =  0-298  P.) 

K  =  288-9  (C  =  81 ;).  --  i-696  P.  ip.  =  0-325  P.i 

K  =  180-6  (C  =  St p,  =  4-478  P.I  p,=  0-31    P.) 

On  substituting  for  P  the  values  given  above 

p.  =  4-478  X  1  S'J  j  W  (p.  -  0-3!  X  | ;;?  |  G) 

tbal  islo  sayp,=  1*791  W(0'12G)  when  the  axles  are  wide  apitrt  aniip^==  223!)  W 
^16  0)  when  the  axles  are  close  together. 

It Pr  is  not  to  exceed  28-44  lbs  per  square  inch  i2  kilograuis  per  siiuiu-e  cenli- 
we  get  accordingly 

W  maximum  =  ^  =  1588  tons  (G  max.  =  j^  =  lfi-7  tonnes) 
and  VV  maximum  =  ^^  =  12-70  tons  \G  max.  =5^6=^  i2-i3  tonnes) 

For  sleepers  partially  packed  the  pressure  of  the  wheel  may  thus  attain  12-70 
or  15-88  tons  (12-H  or  or  16-7  lonnes;  according  lo  the  distance  the  axles  are  apart. 

If  Lhe  weight  on  the  wheel  in  a  stale  of  rest  is  689  tons  ;7  tonnes)  it  is  possible 
that  when  in  a  stale  of  motion  it  may  increase  to  1  -8  or  2-4  times  this  amount. 

The  efl'ecl  of  the  speed  is  intensified  as  the  movement  becomes  more  jerky  and 
irregular 

A  permanent  way  construcled  as  solidly  as  the  one  we  are  considering  will  allow 
llie  vteif^ht  of  tratlic  and  more  particularly  the  speed  to  be  considerably  increased  if 
locomotives  are  used  which  do  not  produce  great  variations  of  wheel  pressure.  On 
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the  oilier  haud  if  unsuitable  locomotives  are  used  at  high  ^eeds  the  limit  of  riisis- 
tanceofthe  penriiinent  way  is  very  soon  rrached.  This  isfilinnn  in  thecaseof  spveral 
existing  railways  of  strong  construction  where  the  cost  of  mainti^nancc  is  great  in 
places. 

How  far  we  can  increase  the  demands  made  on  the  permanent  way  more  particu- 
larly when  we  consider  ihe  subject  of  increased  speed  of  a  line  constructed  according 
to  the  systems  in  use  at  prosenl  cannot  be  exactly  determined  for  the  reasons  pre- 
viously given.  But  it  is  clear  that  the  limit  of  this  increase  is  not  much  beyond  the 
esisting  demands. 

The  necessity  of  keeping  to  the  usual  systems  followed  in  the  construction  of  (he 
lines,  at  least  for  some  time  to  come,  requires  us  to  determine  with  care  the  most 
suitable  dimensions  in  full  detail. 

A  considerable  increase  of  IratHc  and  of  speed  will  only  be  attainable  if  the  loco- 
motive are  so  constructed  thai  the  permanent  way  does  not  have  by  itself  to  provide 
for  this  increase. 

Of  course  we  do  not  assume  that  the  value  calculated  above  for  the  maximum 
pressure  due  to  the  live  load  will  actually  represent  Ihe  real  numerical  value.  The 
values  assumed  for  the  coeflicient  of  ballast,  and  the  greatest  pressure  that  can  be 
allowed  on  the  ballast,  arc  of  themselves  too  indefinite  to  allow  us  to  obtain  such 
precision. 

As  a  matter  of  fact  roads  of  weaker  construction  than  the  one  we  have  based  our 
calculations  on,  are  used  with  heavy  trains,  locomotives  with  several  coupled 
wheels,  and  at  high  speeds.  And  this  is  continued  as  long  as  the  state  of  repair 
will  allow  il.  But  a  railway  can  certainly  not  be  considered  properly  constructed 
when  the  tratfic  on  it  can  only  be  worked  with  excessive  repairs ;  and  it  is  from  this 
point  of  view  that  we  must  consider  the  value  we  have  found  above  by  calculation  as 
thehighesl  limit  of  Ihe  serviceable  capacity  of  a  line. 


AiiJLSHENT  OK  THK  iRACK.  —  So  far  we  have  nol  taken  into  consideration  iht;  adjust- 
ment of  the  line ;  this  is  however  of  great  importance  when  we  wish  to  introduce 
higher  speeds. 

Lines  with  heavy  gradients  necessitate  the  use  of  locomotives  of  great  adhesion; 
such  can  be  obtained  by  several  coupled  wheels  placed  close  together. 

The  bad  effects  of  such  locomotives  on  the  line  have  already  been  considered,  and 
il  has  been  pointed  out  that  they  incTeasc  notably  with  high  speeds.  If  we  cannot 
avoid  heavy  gradients  on  cerUiin  sections,  the  only  thing  to  be  done  is  to  Imvel  oyet 


these  heavy  gradients  and  the  adjoining  easier  sections  at  a  slower  speed ;  and  to 
change  Ihe  locomotive  as  soon  as  pos^kle. 

It  is  quite  as  important  to  avoid  sharp  curves. 

These  necessitate  much  super-elevation  vehich  of  itself  is  bad  for  the  road  because 
it  results  in  an  unerfual  distribution  of  the  loads  on  the  two  wheels  on  each  side  of 
the  vehicle.  The  length  of  the  curve  of  transition  and  consequently  the  gradient 
presented  by  the  outer  rail,  cannot  in  practice  exceed  certain  limits;  particularly  not 
when  reverse  curves  are  close  together. 

For  instance  with  a  speed  of  only  37*3  mites  (60  kilometres)  per  hour  a  transition 
curve  of  76-6  yards  (70  metres)  long  is  passed  over  in  about  4  seconds;  the  tu\l 

■ 

amount  the  vehicles  is  tilted  on  account  of  the  superelevation  is  thus  attained  in 

this  exceedingly  short  time,  in  fact  almost  with  a  jerk.    The  suspended  part  of  the 

« 

vehicle  thus  receives  a  violent  transverse  movement  which  results  in  the  inside  rails 
having  to  bear  a  greater  load  than  that  directly  due  to  the  difference  in  the  elevation 
of  the  rails.  If  the  curve  is  not  very  long,  the  reaction  produced  by  the  return  of 
the  outer  rail  to  its  proper  level  takes  place  while  the  oscillations  of  the  vehicle  due 
to  the  first  jerk  have  not  yet  ceased.  If  it  happens  that  the  fresh  oscillations  due 
to  the  return  movement  are  produced  at  such  time  as  to  be  in  the  same  direction  as 
the  former  ones,  it  follows  that  they  have  an  increased  effect. 

The  alternations  in  pressure  first  on  one  rail  and  then  on  the  other  will  become 
yet  larger  when  reversed  curves  are  too  close  together. 

The  intensity  of  the  oscillation  of  the  vehicles,  and  the  variation  of  the  pressure 
on  the  wheels,  consequently  depend  of  the  distance  between  the  transition  curves 
and  on  their  respective  lengtlis. 

When  the  speeds  are  increased  these  two  lengths  are,  so  to  speak,  relatively 
reduced  ;  they  ought  therefore  to  have  their  length  proportioned  to  the  increase  of 
speed,  if  the  harmful  effects  are  to  be  redeced  to  an  absolute  minimum.  Besides 
the  effects  that  we  have  just  described,  the  curves  produce  injurious  movements  in 
the  vehicles  by  reason  of  the  change  of  their  direction ;  here  also  the  influence  of 
the  speed  is  exerted  in  a  manner  analogous  to  that  described  above. 

It  is  probable  that  in  general  the  super-elevation  of  the  rail  is  too  great. 

This  is  shown  not  only  by  theorj^  and  experiments,  but  also  by  practical  experience 

obtained  in  some  particular  instances.     It  appears  that  we  may  accept  as  a  fact  that 

curves  of  more  than  437  yards  radius  (400  metres),  and  without  any  superelevation 

^ay  be  passed  with  safety  at  speeds  of  about  62.1  miles  (100  kilometres}  an 

hour. 
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B.  —  SrECiAi.  PHOPOSinoKS. 
Special  statements  for  the  type  of  line  to  be  traversed  by  trains  at  high  speed. 

From  the  preceding  considerations  we  can  deduce  the  following  points  with 
regard  to  the  method  of  constructing  a  line,  to  salisFy  the  requirements  of  hean- 
ta-afficand  high  speeds. 

Balust  and  FOiNDATioN.  —  Thc  engineer  is  limited  in  his  choice  of  ballast  and 
Toundalion ;  both  of  them  should  be  as  good  as  local  conditions  will  allow. 

By  draining  the  foundations,  and  using  a  sulficiently  thick  layer  of  ballast,  a 
coefficient  of  ballast  of  at  least  K  ^  180-6{C  =  5)  can  be  obtained. 

The  ballast  must  consist  of  material  free  from  earth,  and  must  resist  disintegra- 
tion through  pressure  as  much  as  possible.  In  most  cases  a  ballast  can  be  obtained 
having  a  resistance  of  about  S8'44  lbs  per  square  inch  (3  kilogrammes  per  square 
centimetre). 

Il  is  advisable  to  use  a  thickness  of  ballast  not  less  than  11*8  inches  (30  centi- 
metres) under  the  lower  surface  of  the  sleepers.  Of  this  at  least  o'9  inches  (lo  cen- 
timetres) should  be  of  material  capable  of  being  well  packed. 

The  thickness  ought  to  be  increased  when  the  formation  is  soft  and  if  the 
sleepers  are  more  than  2  feet  7-5  inches  (80  contimetres)  apart. 

When  the  formation  can  not  be  sufficiently  protected  from  moisture,  and  in  con- 
sequence also  becomes  soft  under  the  ballast,  it  is  necessary  to  have  the  depth  of 
the  ballast  under  the  sleeper  equal  to  the  clear  space  between  the  sleepers;  in  this 
way  the  local  driving  of  ballast  into  the  formation,  which  is  so  injurious,  is 
prevent/?d.  ItuI  it  is  advisable  to  choose,  for  Ihe  construction  of  ihe  road,  one  for 
which  the  coeflicient  K  amounts  to  108--t  {C  ^  3j. 

It  is  to  be  remembered  that,  whatever  the  method  of  conslruction  of  the  road 
may  be,  the  amount  it  can  stand  becomes  seriously  reduced  when  the  live  load  of 
the  vehicles  produces  a  pressure  on  the  ballast  amounting  to  more  than  28'ii  lbs 
per  square  inch  [2  kilogrammes  per  square  centimetre).  In  this  the  maintenance 
becomes  cwisiderably  more  costly,  because  such  pressures  produce  a  partial 
destruction  of  the  ballast  which  first  becomes  noticeable  at  thc  sleepers  next  to  the 
joint. 

Slkki'KBS.  —  Knads  intended  for  express  trnflic  require  ihe  use  of  ioiif;  sleepers  of 
corresponding  width. 
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I  have  described  elsewhere  in  detail  the  advantages  of  the  longer  sleepers,  and 
have  drawn  attention  to  the  fact  that  they  make  a  better  support  for  the  rail  and 
give  it  the  largest  possible  bearing  surface  on  the  ballast.  These  advantages  result 
in  the  fact  that  lines  laid  with  such  sleepers  give  easier  running,  and  the  best  results 
from  the  point  of  view  of  maintenance. 

It  is  in  England  especially  that  experience  of  this  has  been  chiefly  gained,  for  the 
sleepers  there  are  as  a  rule  of  standard  dimensions  :  length  8  feet  11  inches 
(2*72  metres),  width  10  inches  (0'2o4  metre),  thickness  S  inches  (0*127  metre);  the 
section  is  rectangular.  As  a  result  of  this  experience,  wooden  sleepers  for  lines 
intended  for  an  express  service  of  trains  are  recommended  to  have  the  following 
dimensions  :  length  8  feet  10*3  inches  (2*70  metres),  width  10*24  inches 
(0*26  metre),  thickness  5  51  inches  (0*14  metre);  the  latter  dimension  being  thus 
increased  to  allow  for  the  length  of  the  dog-spikes  or  screw-spikes  for  Vignoles  rails. 
Iron  sleepers  should  have  the  same  length  and  width  as  wooden  ones.  The  cross 
section  to  be  adopted  should  be  such  that  the  product  of  its  moment  of  inertia  by  the 
modulus  of  elasticitv  divided  by  10^  should  not  be  less  than  1*71  (that  is  to  say, 

(^  ^  s). 

To  prolong  the  life  of  the  sleepers  they  should  be  treated  with  some  suitable 
substance,  preferably  creosote,  and  steps  should  be  taken  to  avoid  cutting  away  the 
surface  of  the  sleeper  where  the  rail  is  supported. 

Resistance  D.  —  The  resistance  D  which  the  sleeper  opposes  to  being  forced  into 
the  ballast  is  a  quantity  proportional  to  the  product  of  the  area  of  the  lower  surface 
of  the  sleeper  by  the  coefficient  of  ballast. 

The  amount  of  this  resistance,  which  affects  the  rigidity  of  the  road,  will  in  the 
case  of  the  sleeper  proposed  above  =  21. S  tons  ins  (D  =  8,600)  if  the  coefficient  of 
ballast  K  =  108*4  (C  =3). 

Space  between  the  sleepers.  —  The  space  between  the  sleepers  is  an  important 
factor  in  the  construction  of  the  line.  On  the  one  hand  it  influences  the  carrying 
capacity  of  the  rail,  and  on  the  other  hand,  in  conjunction  with  the  spacing  of  the 
wheels  of  the  vehicles,  it  modifies  the  pressure  on  the  rail  and  consequently  the 
pressure  on  the  ballast.  The  spacing  of  the  sleepers  also  determines  the  number  of 
surfaces  bearing  on  the  ballast,  and  the  number  of  points  at  which  the  rails  are 
secured  to  the  sleepers. 

The  diminution  of  the  space  between  the  sleepers  is  limited  by  the  necessity  of 
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preserTiDg  suflicieiit  room  belween  the  sleepers  to  allow  them  to  be 
packed. 

If,  in  accordance  with  the  requirements  of  practice,  we  adopt  19-68  inches 
(SO  centimetres)  as  the  minimum  clear  space,  and  if  moreover  we  consider  it  desir- 
able to  have  sleepers  10'24  or  11  "81  inches  (36  to  30  centimetres)  wide  for  lines  on 
wliich  the  traftic  is  heavy  il  follows  that  the  distance  from  centre  to  centre  of 
the  sleepers  should  be  about  2  feel  7  1/2  inches  (80  centimetres)  except  al  the 
joints. 

At  a  joint  Ibis  distance  should  be  reduced  to  19-68  inches  (50  centimetres)  ('). 

Rails.  —  In  our  choice  of  rails  tlie  principal  things  to  consider  are  :  the  she  and 
shape  of  the  cross  section,  the  strength  of  the  materiul,  and  fmally  the  length  of  the 
rail.  Lines  for  express  trafic  should  be  made  eilher  of  bullheaded  or  of  Vignoles 
rails. 

Symmetrical  double  headed  rails  cannot  be  recommended. 

Section  of  rail.  —  la).  The  cross-section  of  the  rail  shoald  have  a  suHicient 
moment  of  resistance,  to  ensure  adequate  carrying  power,  and  a  sutHciently  great 
moment  of  inertia  to  give  adequate  stiffness. 

{b)  The  cross-section  of  the  rail  should  be  lai^e  enough  to  allow  the  necessary 
carrying  power  to  the  rail  when  in  its  most  worn  condition.  It  follows  that  we 
should  allow  as  much  additional  material  in  the  head  of  the  new  rail  as  will  be 
worn  away  during  its  expected  life  by  the  expected  traflic.  This  results  in  an 
increase  of  about  10  to  12  p.  c.  in  the  weight  of  the  rail,  of  alwut  17  to  23  p.  c. 
of  its  moment  of  inertia,  and  of  about  10  to  20  p.  c.  of  its  moment  of  resis- 
tance. 

(n  If  the  maximum  stress  on  tlie  rail  due  to  all  factors  affecting  it  (such  as  the 
dead  load,  the  construction  of  the  rolling  stock,  (he  speed  attained,  etc.)  we  should 
not  allow  the  maximum  strain  in  the  outer  fibre  to  exceed  the  utmost  limit  of 
elasticity  as  determined  by  bending  tests. 

But  when  we  only  know  the  dead  load  due  to  the  heaviest  motors  we  cannot  allow 
the  maximum  tension  of  the  outer  fibre  produced  by  this  dead  load  to  exceed  one- 
third  of  this  utmost  limit  of  elasticity, 

This  latter  case  is  the  more  usual  one.  Dead  loads  producing  a  maximum  strain 
of  7'O0  to  8'23  tons  per  square  inch  (1,100  to  1,300  kilograms  per  square  oeilli>   , 
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metre)  in  the  outer  fibre  of  the  cross  section  are  thus  permissible  as  the  utmost 
limit  of  elasticity  of  the  material  usually  employed  for  raiU  is  between  31-89  and 
24*76  tons  per  square  inch  (3,400  and  3,900  kilograms  per  square  centimetre). 
In  the  case  of  double  headed  rails  which  are  generally  made  of  stronger  material 
the  permissible  strain  is  proportionately  higher. 

{d)  The  Administrations  of  the  lines  on  which,  under  favourable  conditions  of 
working,  the  load  on  the  wheel  is  equal  to  or  less  than  6*89  tons  (7  tonnes)  and  on 
which  the  speed  does  not  much  exceed  49*7  miles  (80  kilometres)  per  hour,  have 
informed  us  that  some  lines  constructed  with  rails  of  less  than  80*64  lbs  per  yard 
(40  kilograms  per  metre)  have  given  good  results,  although,  in  some  cases,  the  cost 
of  maintenance  has  been  greater. 

The  cross-sections  of  these  rails  have  a  moment  of  inertia  of  20*73  to  22-85  square 
inches  x  square  inches  (863  to  9ol  square  centimetres  x  square  centimetres)  and  a 
moment  of  resistance  of  8*24  to  8*97  cubic  inches  (135  to  147  cubic  centimetres). 
The  cross-section  of  such  rails  if  worn  down  about  0*4  inches  (10  millimetres)  has 
then  a  moment  of  inertia  of  16*82  to  18*38  square  inches  x  square  inches  (700  to 
765  square  centimetres  x  square  centimetres)  and  a  moment  of  resistance  of  6*90 
to  7*57  cubic  inches  (113  to  124  cubic  centimetres);  the  maximum  stress  of  the  outer 
fibre  will  then  be  8  25  to  9*33  tons  per  square  inch  (1,300  to  1,470  kilograms  per 
square  centimetre). 

We  can  conclude  from  these  facts  that  the  use  of  motors  having  greater  wheel 
pressures  on  roads  so  constructed  would  cause  a  considerable  increase  of  the  cost 
of  maintenance. 

For  wheel  pressures  of  7*38  tons  (7,500  kilograms)  and  upwards  we  therefore 
should  adopt  a  construction  of  road  having  rails  weighing  more  than  80*64  lbs  per 
7ard  (40  kilograms  per  metre). 

(e)  If  we  are  obliged,  by  reason  of  an  increase  in  the  weight  on  the  wheel,  or  in  the 

«peed,  to  strengthen  the  section  of  the  rail,  we  should  consider  whether  there  is  not 

^  possibility  of  still  further  increase  of  wheel  pressure  or  of  speed  during  the  life  of 

^e  proposed  new  rail.     In  this  case  it  is  advisable  to  adopt  a  rail  of  such  cross- 

^©ction  that  a  simple  measure,  such  as  an  increase  in  the  number  of  sleepers,  will  be 

^Mfficient  to  enable  it  to  satisfy  these  higher  demands. 

From  this  point  of  view  the  new  cross-sections  of  the  French  and  Belgian  Railways 
"^^hich  correspond  to  a  weight  of  8870  to  100*8  lbs  per  yard  (44  to  50  kilograms 

r  metre)  seem  justified.    This  is  shown  in  the  subsequent  table. 
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ConsequenUy  a  rail  which  is  to  carry  a  greater  load  than  7*38  tons  (7'S  tonnes) 
and  9  which  after  an  increase  in  the  number  of  sleepers  is  to  carry  a  load  of  8*86  tons 
(9  tonnes)  should  have  a  moment  of  resistance  of  11*96  cubic  inches  (195  cubic 
centimetres)  and  its  weight  should  be  84-7  to  92-7  lbs  per  yard  (42  to  46  kilo- 
grams per  metre)  for  sections  similar  to  those  in  our  table. 

These  rails  will  satisfy  the  requirements  of  the  traffic  that  we  have  supposed, 
assuming  that  the  dynamic  actions  due  to  motion  and  speed  will  not  produce  a 
^ieel  pressure  of  more  than  three  times  that  due  to  the  dead  weight. 

^n  fixing  on  the  section  of  the  rail  we  ought  to  take  into  account  whether  the 
'^fle  is  principally  for  light  passenger  trains  drawn  by  engines  with  their  axles 
fairly  far  apart,  and  with  leading  and  trailing  wheels  not  coupled,  and  possibly 
v^ilh  inside  cylinders,  or  whether  the  line  has  a  heavy  goods  traffic  necessitating  the 
use  of  heavy  engines  with  a  large  number  of  wheels  close  together.  Thus  in  each 
^^^se  it  is  better  to  select  a  section  of  rail  suited  to  the  individual  case  than  to  attempt 
to  generalise. 

^^  in  the  case  of  double  headed  rails  there  is  a  higher  value  for  the  strength  at 
the  elastic  limit,  the  resisting  moment  of  the  cross-section  of  the  rail  (hence  the 
weight  of  unit  length  of  rail)  may  be  reduced  in  proportion. 

^OHM  OF  CROSS-SECTION  OF  THE  RAILS.  —  The  form  of  the  cross  section  of  the  rail  was 
considered  in  the  discussion  of  question  V-A  at  the  session  of  the  International  Rail- 
^'^y  Congress  at  Saint-Petersburg.     We  refer  to  this  for  the  conclusions  arrived  at. 

*-ength  of  rails.  —  The  most  suitable  length  of  rail  has  been  found  to  be  about 

^27  feet  (12  metres).     In  order  to  reduce  the  number  of  joints  the  length  of 

"^  J'ail  should  certainly  not  be  less  than  29'45  feet  (9  metres).    Nor  should  it 

*^^ed  49*09  feet  (15  metres)  or  else  the  spaces  necessarj'  for  expansion  become 

^  large;  and  the  handling  necessary  in  laying  rails  or  changing  them  becomes 

^cessive. 

Material  of  the  rails.  —  Rails  should  be  made  of  hard  steel  in  order  to  prevent 

^pid  wear.     The  degree  of  hardness  that  can  be  allowed  is  governed  by  the 

'tuition  that  the  material  should  be  as  homogeneous  as  possible;  also  by  the 

^Ki^ee  of  perfection  to  which  the  processes  of  rolling  have  been  brought  particu- 

y  in  respect  to  the  form  of  cross-section ;  we  also  must  avoid  using  steel  which 

"  ^  brittle. 


The 


Ensile  strength  and  elongation  bear  relation  to  the  hardness. 
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Let  a  lbs  per  square  inch  [kilograms  per  square  centimetre)  be  the  teasile  strev^^^ 
at  the  limit  of  elasticity  of  the  metal  and  let  E  be  the  corresponding  moduii/s  ^ 
elasticity.  The  estensioa  of  the  metal  is  dependant  on  the  value  of  the  expm^ 
sion  (^}.  If  5  per  cent  represents  the  extension,  fi  will  be  proportional  lolh^ 
number  (-^).  If  we  are  given  the  section,  the  distance  between  the  supports,  and 
the  manner  of  loading  the  rail,  wo  can  determine  the  safe  load;  that  is  to  say  ihe 
capacity  of  Ihe  rail  for  carrying  dead  load  will  be  proportional  to  a,  the  deflection 
or  llexibilily  will  be  proportional  to  so,  and  the  permissible  dynamic  strain  ihM 
is  its  capacity  for  work)  proportional  to  t«o. 

A  relation  exists  between  the  increase  of  tensile  strength  and  tJie  diminution 
of  the  elongation,  the  numerical  ratio  of  which  we  do  not  know,  but  we  can  io 
each  case  that  occurs  determine  the  two  values. 

If  a  ratio  existed  here,  ihe  strength  of  the  rail  would  increase  in  proportion  to  Ihe 
tensile  strength  of  the  material,  the  flexibility  would  remain  constant;  and  the 
amount  of  work  the  rail  was  capable  of  would  increase  proporlionately. 

But  as  the  relation  between  increase  of  tensile  strength  and  decrease  of  elonga- 
tion is  not  a  constant  ratio,  if  the  tensile  strength  of  the  rail  is  increased  the  capac- 
ity for  carrying  dead  load,  the  flexibility,  and  the  capacity  for  work  will  vary  in 
another  way.  These  are  to  be  determined  in  each  given  case  according  to  lh« 
values  for  u,  u'l,  and  o*5. 

Analogous  relations  between  [ensile  strength  and  elongation  exist  at  the  point  of 
fracture,  although  not  so  simple  as  the  preceiling  ones;  in  particular  we  do  not 
have  the  proportions  menlioned  between  the  eapacity  for  carrying  dead  load,  the 
llexibility,  and  the  capacity  for  work,  and  a,  t^,  £uid  i^J  respectively.  If  in  these 
expressions  <7  and  5  respectively  represent  the  tensile  strength  and  the  elongation  at 
the  breaking  point  we  have  now  In  place  of  those  simple  ratios  more  complex  rela- 
tions which  have  not  yet  been  sufficiently  studied. 

It  is  none  the  less  true  however  that  the  capacity  for  carrying  dead  load,  the  flex- 
ibility, and  the  capacity  for  work  increase  with  t,  3^,  and  s*>  but  not  in  a  consuol 
ratio. 

We  find  in  actual  practice  cases  where  »  is  between  31-73  and  60'9S  tons  per 
square  inch  (5,000  and  0,600  kilograms  per  square  eentimetrei,  and  ^  is  between  20 
and  10  per  cent;  in  most  cases  »S  is  between  508  and  762  tons  per  si^uarc  inch 
(80,000  and  120,000  kilograms  per  square  centimetre)  and  -s*'.  between  18,140  and 
30,230  tons  per  square  inch  X  tons  per  square  inch  (45  X  107  and  75  x  7S  X  iOT 
kilograms  per  square  centimetre  '/.  kilograms  per  square  centimetre). 
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The  Swiflt  ralways  in  their  specifications  for  rails  make  a  condition  that 
^  s=  871*8  tons  per  square  inch  (90,000  kilograms  per  square  centimetre).  On 
^bis  Msumption  the  following  scales  are  obtained  for  permissible  elongations  for 
^various  hard  metals  of  good  tensile  strength  :  — 

I.  aS  =  871*8  tons  per  square  inch  (90,000  kilograms  per  square  centimetre). 

If  9  in  tons  per  square  inch  (in  tonnes  per  square  centimetre)  = 

31-78      34-92      3810      41-27      4448      47-62      80-80      83-97 

(8-0)        (8-8)        (6-0)        (6-8)        (7-0)        (7-8)        (8-0)        (8*8) 

Then  S  (in  percentages)  = 

18-0  .     16-4        18-0        13-9        12-9        12-0        H-2        10-6 

Whence  we  get  for  the  product  a*S  tons  per  square  inch  x  tons  per  square  inch 
(^-onnes  per  square  centimetre  x  tonnes  per  square  centimetre). 

18,140    19,980    21,770    23,880    28,400    27,210    29,020    30,840 

(480)        (498)       (840)       (888)       (630)       (678)       (720)       (765) 


we  assume  the  rigidity  to  remain  constant  (in  as  much  as  it  depends  entirely  on 
xnaterial)  increase  of  tensile  strength  will  be  attended  by  increased  capacity  for 
&  and  hence  there  will  be  greater  security  against  deformation  and  breakage. 
I  if*  we  now  take  the  lowest  value  of  this  latter  measure  of  security,  that  is  that 
by  a  material  of  a  tensile  strength  of  31-78  tons  per  square  inch  (5,000  kilo- 
s  or  8  tonnes  per  square  centimetre)  with  an  elongation  of  18  per  cent  we  can 
<j«a  =  18,140  tons  per  square  inch  x  tons  per  square  inch  (480  tonnes  per 
xe  centimetre  X  tonnes  per  square  centimetre) ;  and  we  then  get  the  following 
*^^^1«  of  results  : 

!!•  <x*5  =  18,140  tons  per  square  inch  x  tons  per  square  inch  (450  tonnes  per 
^^».Te  centimetre  x  tonnes  per  square  centimetre); 

'  *^  ^  in  tons  per  square  inch  (in  tonnes  per  square  centimetre)  = 

31-75      34-92      3810      4127      44-45      47-62      8080      53-97 

(8-0)        (8-8)        (6.0)        (6-8)        (7-0)        (7-8)        (8-0)        (8-5) 

•  *  lien  5  (in  percentages)  = 

180        14-9        12-5        10-6        92        8-0        7-0        62 

^l^ence  we  get  <j^  in  tons  per  square  inch  (tonnes  per  square  centimetre). 

^  871-8      520-6      476-2      438-1      409-0      3810      3555      3346 

(90-0       820        75-0        69-0       64-4        60-0        56-0        527) 
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Wlicn  the  capacity  for  the  work  is  constant  and  a  is  increased  llie  deflection  dintr^J 
Qishes  and  the  rigidily  increases. 

A  rail  w]iich  is  not  very  rigid  will  bend  rather  than  break  wlien  it  is  accidentaS  i 
submitted  lo  an  excessive  load. 

The  contrary  will  happen  when  it  has  grc-at  rij^idity.     Heace  it  is  recommend «J* 
that  a  harder  metal  being  chosen  (with  greater  tensile  strength)  it  should  have  ar' 
elongation  between  the  values  for  6  given  in  the  tables,  or  in  other  words  the  per — 
missible  limits  of  this  elongation  are  found  in  the  two  tables;  fop  instance  a  steel 
rail  with  a  tensile  strength  ofSS'lO  tons  per  square  inch  (6,000  kilograms  per 
square  cenlimelrel  should  have  an  elongation  of  12-3  lo  in  per  cent 

Similar  tables  can  be  drawn  up  for  every  value  of  oS. 

We  must  take  into  account  the  capabilities  of  the  works  on  wtiich  we  depend  for 
our  supply  of  rails,  and  must  adopt  in  consequence  a  greater  or  less  value  of  the 
product  of  the  tensile  strength  and  the  elongation  oc.  We  can  deduce  from  this 
product  tables  giving  the  values  of  3  and  5  corresponding  to  each  other  for  the  same 
capacity  for  work  for  ditferent  hardnesses  of  material ;  these  values  of  o  correspon- 
ding to  the  resistances  t  that  these  steels  have  at  the  limit  of  elasticity. 

The  higher  values  of  the  actual  strain  in  the  rail,  such  as  8-21  to  10.09  tons  per 
square  inch  (1,393  to  i,S89  kilograms  per  square  centimetre)  are  for  double  headed 
pails,  which  have  a  smaller  moment  of  resistance  lor  their  cross-section,  but  arc 
made  of  material  of  better  quality. 

Under  these  conditions  we  can  take  a  strain  under  the  dead  load  not  exceeding 
one-third  ofthe  limit  of  elasticity  as  permissible. 

For  wooden  sleepers  the  strain  is  taken  between  the  sutticiently  wide  limits  of 
a  =  6W  and  1,268  lbs  per  square  inch  (43-3  and  89'2  kilograms  per  square  centi- 
metres) it  being  assumed  that  the  rails  have  been  weakened  by  the  wear. 

The  keans  of  fastening  the  rail. —  When  the  speed  is  increased  the  lateral 
pressure  which  is  exercised  by  the  moving  vehicles  on  the  road  increases  to  a  very 
considerable  extent.  It  becomes  necessary  in  this  case  to  increase,  in  the  same 
proportion,  the  resistance  produced  by  the  fastenings.  It  has  been  recognised  that  ii 
is  necessary,  iu  order  to  increase  this  resistance  to  increase  the  number  of  fastening 
points  or  lo  strengthen  or  improve  the  method  of  fastening.  This  is  especiatly  the 
case  with  Vignoles  rails. 

The  fastf.mngs  of  Vignoles   bails.  —  An  increase  in  the  number  of  fastening 


points  is  already  obtained  by  the  fact  that  on  lines  intended  for  express  traffic 
must  have  an  increased  number  of  sleepers. 
Moreover  if,  instead  of  two  dog-spikes  or  screw-spikes  for  each  half  sleeper  (which 
formerly  the  general  practice)  three  or  four  are  used,  the  necessary  increase  in 
tbe  resistance  of  the  rail  to  canting  or  lateral  displacement  is  obtained.  A  further 
xn^ans  of  strengthening  this  resistance  is  to  interpose  a  bed  —  or  foundation  — 
j^lSLie  between  the  rail  and  the  sleeper.  This  method  results  in  distributing  the 
p.K-)^ssure  of  the  rail  over  a  larger  supporting  surface,  and  also  tends  to  unite  the  three 

omr   four  means  of  attachment  into  one  whole. 

« 

^Another  means  of  strengthening  the  method  of  fastening  is  to  replace  the  dog- 
s(>m  les  by  screw  spikes,  especially  when  these  are  made  on  the  system  laid  down  by 
]|£<^el  (Revue  g&niraley  June  1893,  page  337). 

The  lateral  pressures  produced  by  high  speeds  are  particularly  felt  on  curves. 

'{c^    prevent  the  canting  of  the  rail  angle  irons  supporting  the  head  of  the  rail  are 

^V^ced  on  some  of  the  sleepers,  holding  down  plates  with  bolts  and  packing  plates 

a^^  used,  or  even  cast-iron  chairs  in  which  the  rails  are  fixed  by  means  of  wooden 

Veys.    The  two  latter  methods  of  fastening,   in  which  the  rails  are  not  fixed 

directly  to  the  sleeper,  and  in  which  the  holding  down  plates  or  the  chairs  are 

secured  to  the  sleepers  by  means  of  dog-spikes  or  better  still  screw  spikes  seem  to 

he  the  best  way  of  overcoming  the  horizontal  pressures  caused  by  the  live  loads. 

The  attachment  of  double  headed  rails.  —  When  double  headed  rails  are  used  it 
has  always  been  customary  to  secure  them  with  wooden  or  iron  keys  to  cast  iron 
chairs. 

The  increase  of  speed  of  the  trains,  and  the  consequent  increase  of  pressure  on  the 
rail  and  also  of  the  lateral  pressure  has  made  it  necessary  to  strengthen  the  chairs. 
In  England  a  minimum  weight  of  40  lbs  (18  kilograms)  for  each  chair  has  actually 
been  fixed  officially.  Here  again  we  obtain,  additional  strength  in  the  attachment 
by  diminishing  the  space  between  the  sleepers;  in  other  words,  by  increasing  their 
number. 

FiSH-JoiNTS.  —  No  system  of  fish-joints,  however  applied,  can  effect  the  complete 
union  of  the  successive  lengths  of  rail.  As  it  must  be  possible  for  the  rail  to  alter 
it^  length  in  accordance  with  variations  of  temperature  it  is  impossible  to  have  a 
system  of  fish-joints  capable  of  transmitting  the  horizontal  components  of  the 
tensions  in  the  rails. 

The  fish-joints  are  only  capable  of  transmitting  vertical  pressures;  this  results  in 
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Ciiuaiug  the  two  adjaceiiL  rail-ends  to  fall  and  lo  rise  ns  simullaneously  and  a^  nearly 
equally  as  possible. 

Every  serviceable  Gsb-joint  should  do  tliis  lo  the  greatest  possibte  extern. 

From  the  information  fomarded  us  by  the  Admin istrations  with  regard  to  fish- 
joints  we  make  the  following  suminar>'  : 

(1).  The  suspended  joint  is  preferable  to  the  supported  one. 

U  is  better  if  the  line  passing  throuj^h  the  joints  of  the  two  rails  is  at  right 
angles  to  the  direction  of  the  road,  than  oblique  to  it;  i.  e.  broken  joints  are 
inferior. 

(2).  If  possible,  wider  sleepers  are  to  be  used  at  the  joint  and  the  distance 
between  Ihein  Is  to  be  reduced  to  19,7  inches  (50  centimetres)  or  less. 

(3).  Both  fish-plates  should  be  of  strong  angular  section  and  their  joint  cross- 
section  should  have  a  large  moment  of  inertia,  in  order  to  give  considerable  stiffness 
to  the  joint ;  for  this  reason  it  is  advisable  to  give  them  an  additional  bend  at  the 
bottom. 

(4).  When  determining  the  cross-section  of  the  rail,  we  should  lake  care  to  hare 
the  head  of  the  rail  of  such  size  as  to  offer  an  increased  surface  of  support  for  the 
fishplates  ;  and  the  angle  this  surface  makes  with  the  horiiontal  should  not  become 
too  great. 

The  use  of  a  heavier  rail  necessitates  the  use  of  a  more  substantial  tish-plate. 

(3).  It  is  recommended  to  increase  the  length  of  the  fishplates  and  to  use  6  bolts 
instead  of  4. 

(U).  The  diameter  of  the  bolts  is  generally  to  be  taken  as  0.98  inch  [3.S  centi- 
metres) and  the  "  Grover  »  washer  is  recommended  as  the  best  means  of  preventiag 
the  nuts  from  working  loose. 

(7).  \a  attempt  should  be  made  to  improve  the  system  of  joints  by  using  better 
material  for  the  fishplate  itself,  and  by  giving  more  care  to  its  manufacture. 

(8).  It  is  of  much  importance  to  counteract  the  pernicious  eD'ect  on  the  rails  at  the 
joints  by  employing  a  stronger  method  for  fixing  the  rail  to  the  sleepers  adjoining 
the  joint.  For  this  purpose  chairs  and  holding  down  plates  are  used ;  also  angular 
tish-plates  screwed  to  the  sleepers  adjoining  the  joint. 

iili.  It  is  advisable  to  fill  up  with  packing  the  spaces  that  are  formed  botweea  the 
mils  and  the  hsh-plutes. 

(1:.  The  system  of  joints  used  should  give  sutticient  protection  against  creeping 
of  the  rails. 

To  eflectlhifi  it  is  recommended  to  make  the  lower  bent  portion  of  the  angxtlar 


lisli-plate  butt  a||ainal  the  two  sleepers  at  the  joint,  ur  else  lo  let  the  lower  an^le  of 
\he  fish-plate  take  a^iametthe  foundation  or  lied-plate. 

SECTION  III. 
Strengtbening  of  the  permaoent  way. 

If  the  existing  permanent  way  shows  itself  loo  weak  for  the  stresses  produced  hy 
Uie  Irains,  or  if  it  does  ni>l  answer  the  requirements  of  an  intended  increase  in  the 
Irattic,  it  will  be  necessary  to  strengthen  it. 

When  it  is  found  ihat  reconstruction  in  order  to  make  the  line  stronger  is  neces- 
sary, ibti  question  should  be  considered  whether  il  would  be  better  to  replace  the 
e&istiog  method  of  construction  by  an  entirely  new  one,  or  whether  the  successive 
strengthening;  of  various  parts  of  it  will  be  sullicient. 

n  order  lo  reply  to  this  question  il  will  be  necessary  lo  make  a  delailed  exam- 
iiiation  of  the  static  condition  of  the  present  method  ol  construction  and  its  relation 
to  the  requirements  to  he  met.  This  examination  should  show  clearly  whether  the 
various  component  parts  of  the  superstructure  or  which  of  them  do, or  do  not,sattsfy 
the  requirements  as  far  as  capacity  for  carrying  load  and  rigidity  are  concerned  ;  it 
will  show  which  parts,  if  any,  have  to  be  strengthened  or  entirely  replaced. 

In  answering  this  question  its  economical  side  should  receive  due  consideration. 
If  the  examination  results  in  establishing  that  it  is  justifiable  to  strengthen  the 
line,    all    the   principles  set  forth  for  the  construction  of  a  new  line  should  be 
decisive. 

for  strengthening  the  road  we  might  in  particular  have  recourse  to  the  following 
mctbixls : 

(i).  Improvement  ofballasl. 

This  constitutes  the  most  effective  means  of  giving  greater  firmness  to  the  road. 

The  condition  of  the  ballast  is  dependent  on  that  of  the  sub-soil,  and  to  improve 
it,  it  is  necessary  :  — 

(n).   To  ensure  that  the  sub-soil  is  completely  drained. 

{bi.  To  have  the  proper  amount  and  size  of  the  ballast  suited  to  the  nature  of  the 
sub-soil. 

(c)  To  use  a  hard  ballast  cumplelely  permeable  by  water. 

The  combination  of  all  these  measures  will  result  in  raising  the  value  of  the  co< 
etBcienl  of  ballast.     In  consequence,  other  things  being  equal,  the  sinking  of  the 


hImIrts  ill  tlu'  biillasl  will  be  diminishe*!  and  the  stiffness  will  be  increased.     Hence 
IhoHtniinsortheinalerial  of  iherail  and  of  llie  sleeper  will  be  diminished. 


2).  heplarinii  tke  sleejiers. 


In  llie  ai«i>  nf  older  constructions  wliich  require  sLrengthening  the  sleepers  are 
generally  of  wood.  This  nialerial  has  undergone  deterioration  where  it  lias  been 
Bubjeclcd  to  pressure  by  llie  muchanical  actions  of  the  rail  and  of  the  means  of 
altHCliiiK'nl  continued  during  a  series  of  years;  in  some  cases  even  partial  destruc- 
tion has  tukea  plaice.  Atmospheric  agencies  have  induced  decay.  When  a  ronri 
has  got  into  this  rondition  some  sleepers  will  already  have  been  replaced,  The  rails 
are  then  irregularly  supported  by  new  sleepers  and  by  sleepers  partly  worn,  and 
cnUBwiuenlly  the  iimouni  they  will  sink  w  ill  vary. 

This  state  of  ulfairs  will  result  in  producing  higher  strains  in  the  materials  of 
Iho  superstructure,  so  calling  into  play  dilt'erent  reactions  of  the  line  on  the  vc- 
hidea.  which  ruactions,  again,  increase  still  further  these  stresses. 

When  a  line  in  this  condition  has  to  be  dealt  with,  the  complete  renewal  of  the 
sltwp^rs  (in  cutirv  sections  is  advisaltle.    The  first  point  to  be  decided  in  stich  a    i 
case  is  the  nature  of  the  sleepers  to  bo  used. 

If  we  siniply  wish  to  strengthen  the  suporstnicture.  retaining  the  old  partially 
wuni  raih,  we  ought  lo  continue  tn  use  the  enmomic  sv-stemofwixMlen  sleepers,  but 
wv  must  ci.)asider  what  dimensions  lltese  should  have. 

hi  former  limes  the  only  funeltoi)softhesU<eper$ltiat  were  recognised  were  those    I 
of  serving  as  a  sup|»ort  lo  the  rail,  and  of  receiving  the  means  of  fastening;  the    , 
importance  itf  the  shvpert  in  distributing  the  ItKid  on  the  Itallast  was  not  appre- 
ciated al  iln  full  vatne,  and  llu^M  that  were  used  had  nejther  sufficient  length  nor 
width.  . 

Wttcn  it  ii  iutentied  lo  (tn^oced  with  iho  iv>c<.>n$lractuu)  ofa  line,  which  is  to  be   | 
i>Wcieiitly  ^tivngtheiinl,  it  will  in  cases  be  uMvssary.  as  shtiwn  io  ibe  polc  «  Tbe   \ 
S)e|wer  aiht  its  BtMnng  tui  Ibe  Ballast  «  to  ttse  sJeepen  of  aootber  type  8  feet 
l(kS  iuehm  .S.70  metric  Kutg  aud  liVSt  inehos  ^:itt  ceutinietre^  iv  more  wide.    The 
tiw  ttf  Mh'hfJeetM'rswill  result  in  ainvater  rifndily  of  the  rend  and  will  iwdncethe 
stmu*Mi4i  the  nilh  athi  tw  the  balla»t. 

Kxxvedititih  |!i,hmI  tv»u)h'  an>  <ttrtaitieit  «ilh  a  rt«nBsinKlM«  «tao  bad  puts  of 
ltw>  balUsl  anv  rvttewe<(  aihl  ii))|>nwv\l  at  the  same  lime  Umi  sack  Mw  rfwym  m 
put  i«. 


(3).  Inci^ease  of  the  number  of  sleepers. 

In  older  systems  of  construction  the  space  between  the  sleepers  was  often  rather 
considerable  and  spaces  of  3  feet  to  3  feet  4  inches  (92  to  103  centimetres)  are  fre- 
quently to  be  found.  These  methods  of  construction  may  have  sutiiced  for  vehicles 
of  small  wheel  load  and  speed,  even  when  lighter  rails  were  used. 

Since  then  the  growth  of  the  wheel  load  and  the  increased  wheel  pressure  due  to 
the  dynamic  action  of  express  traffic,  has  not  only  required  a  rail  of  greater  capacity 
for  carrying  load,  but  also  an  increase  in  the  area  of  the  surface  of  the  rail  bearing  on 
the  sleeper,  in  order  to  better  distribute  the  higher  pressure  on  the  ballast  obtained 
by  the  higher  wheel  pressures. 

With  this  aim  an  especially  efficient  means  consists  in  iricreasvig  the  number  of 
sleepers  per  rail,  which  amounts  to  diminishing  the  distance  between  them. 

As  has  been  previously  established,  the  resistance  of  the  rails  to  deflection  is 
directly  proportional  to  the  moment  of  inertia  of  their  cross-section  and  to  the 
modulus  of  elasticity  of  their  material,  but  is  inversely  proportional  to  the  cube  of 
distance  between  the  sleepers. 

a* 

• 

Consequently,  the  resistance  of  the  rail  will  be  increased  if  the  distance  between 
the  sleepers  is  diminished.  The  resistance  varies  inversely  as  the  cube  of  the 
distance  between  the  sleepers. 

In  certain  cases,  the  reduction  of  the  space  between  the  sleepers  can  lead  to  an 
increase  in  the  resistance  of  the  rail,  to  an  extent  which  could  otherwise  only  bo 
obtained  if  the  cross-section  of  the  rail  were  largely  increased  at  a  disproportionately 
excessive  cost. 

But  it  is  not  only  the  resistance  of  the  rail  which  gains  by  this  measure;  the 
increased  number  of  the  sleepers  and  the  increase  in  consequence  of  the  area  of 
support  on  the  ballast  result  in  a  considerable  increase  in  the  stiffness  of  the  road, 
and  in  a  considerable  diminution  in  the  cost  of  the  maintenance  of  the  superstruc- 
ture. 

Attention  has  been  drawn  elsewhere  to  the  unfavourable  action  exercised  on  the 

'•ail  by  motors  with  axles  close  together.     It  has  been  shown  that  in  cases  where  a 

^'^'^  great  load  is,  owing  to  the  shortness  of  wheel-base,  only  distributed  over  a  short 

piece  of  rail,  the  proper  distribution  of  pressure  on  the  balhistcan  only  be  obtained 

y  ^Oe  means,  viz.  increasing  the  number  of  sleepers. 
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In  America,  where  very  heavy  rolling  slock  with  a  great  number  of  wheels  often 
close  together  is  used,  this  measure  had  to  be  adopted.  Roads  constructed  with  so 
called  «  Goliath  »  rails  weighing  100  lbs  per  yard  (80  kilograms  per  metre)  are  even 
laid  on  sleepers  S4  inches  (60  centimetres)  apart. 

This  method  of  increasing  the  strength  of  the  road  by  reducing  the  distance 
between  the  sleepers  appears  to  be  specially  advisable  in  the  case  of  mountain 
railways,  on  which  locomotives  of  eight  or  more  wheels  are  often  used  for  heavy 
trains. 

(4).  Improvement  in  the  method  of  fastening  the  raik. 

When  an  older  construction  of  permanent  way  is  to  be  strengthened  to  render  it 
capable  of  carrying  express  traffic  it  will  generally  be  necessary  to  renew  and 
increase  the  means  of  fastening.  When  the  renewal  of  the  sleepers  is  undertaken 
at  the  same  time  that  the  superstructure  is  strengthened,  the  replacement  of  the 
fastenings  is  an  obviously  consequent  step. 

More  particularly  instead  of  the  old  method  of  using  dog-spikes,  screw-spikes  alone 
will  be  used  on  a  line  used  for  express  traffic.  Also,  in  order  (o  relieve  the  sleeper 
and  the  screw-spikes  or  spikes  every  sleeper  will  be  protected  by  a  bed-plate,  and 
the  number  of  the  fastenings  will  be  increased  to  correspond  to  the  increased 
strength  required. 

(o).  Improvement  of  the  joints. 

Joints  on  the  more  modern  roads  are  justly  considered  the  weak  point.  All 
the  more  is  this  the  case  with  an  old  and  worn  road,  where  the  fish-plates  as 
well  as  the  rails  have  already  suffered  through  traffic.  To  strengthen  such  a  road 
with  a  view  to  carrying  express  traffic  will  therefore  require  particular  care  in  the 
improvement  of  the  fish-joints. 

When  an  otherwise  strong  road  has  weakened  joints  it  becomes  necessary  to 
strengthen  these  to  make  it  serviceable.  This  has  given  rise  to  the  use  of  the 
following  special  me^isures  : — 

(a).  On  the  older-constructed  lines  weak,  flexible  fish-plates  and  bolts  with  a 
diameter  of  less  than  0*787  inch  (20  millimetres)  are  generally  used.  The  greater 
demands  made  by  the  traffic  necessitate  fish-plates  of  a  stiffer  cross-section  and  bolts 
of  the  larger  diameter  of  0-8G6  to  0*984  inch  (22  to  25  millimetres). 

The  use  of  bolts  of  this  size  necessitates  enlarging  the  holes  in  the  rails. 

(b).  In  consequence  of  the  heavy  wear  and  tear  that  takes  place  in  the  fish-platei 
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and  in  the  rails  at  the  points  marked  a,  a',  b,  b'  in  the  sketch  here  gi^en  (fig.  6),  the 
joints  become  prematurely  worn  out  owing  to  the  formation  of  gaps. 

Now  if  new  fish-plates  are  applied  this  will  only  improve  matters  at  the  points 
marked  as  far  as  the  fish-plate  is  concerned,  but  the  damaged  points  in  the  rail  are 
unaltered.     It  is  necessary  to  fill  up  these  gaps,  whether  of  the  rails  alone  or  of  the 
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Fig.  6. 

old  fish-plate  as  well  if  these  are  kept  in  use.     For  this  purpose,  the  packing  pieces 
proposed  by  me  and  shown  in  the  diagram  (fig.  7)  are  used. 

This  packing  is  made  of  different  thicknesses  as  required  according  to  the  size  of 
the  gaps  and  is  fixed  into  the  joint  so  as  to  become  part  of  it,  and  so  restore  the 
original  conditions  for  a  time. 

When  this  packing  in  turn  becomes  worn  or  the  gaps  are  increased,  it  will  only  be 
necessary  to  change  the  packing. 

(r).  Coiiard  has  proved  that  when,  on  lines  laid  on  the  Vignoles  system,  a  wheel 
passes  over  a  joint,  the  rail  which  is  being  left  suffers  a  greater  torsional  stress 
than  the  other;  the  effect  of  this  torsion  is  to  raise  the  end  of  the  first  rail  rela- 
tively to  the  end  of  the  second,  so  that  the  wheel  falls  from  the  first  rail  on  to  the 
second.  Through  these  repeated  shocks  the  rail  ends  suffer  injury  which  in  many 
cases  is  sufficient  to  make  renewal  necessary  although  the  rails  are  otherwise  in 
good  condition. 

In  my  opinion,  the  method  in  which  Vignoles  rails  are  fixed  by  dog-spikes  or 
screw-spikes  is  insufficient  to  counteract  this  tendency  to  torsion,  (ireater  resistance 
to  this  tendency  will  be  obtained  by  a  more  rigid  method  of  fastening  such  as 
chairs,  tension-plates,  or  holding-down  plates,  and  by  such  means  the  blows  due 
to  passing  vehicles  will  be  reduced. 

My  earlier  observations  extending  over  a  period  of  10  years  showed  me  that  in  the 

case  of  a  road  laid  with  iron  sleepers  according  to  the  «  Heindl  w  system  (which 

employs  tension  plates,  cramp-plates,  and  bolts),  the  joints  were  more  satisfactory 

than  those  on  other  roads  where  the  rails- were  fixed  to  the  sleepers  by  means  of 

spikes  or  screw-spikes. 

These  observations  induced  me  to  experiment  on  various  sections  of  line  carrying 
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tienxy  traHic,  which  were  iwrnty  wars  old,  nml  also  on  sevenil  new  ones.  Tension 
plat«3  worn  iixeil  tn  the  two  sleepers  adjoining  the  joint  and  Ihc  «  HoJndl  »  system 
was  used  there  while  ihe  ordinary  method  of  fastening  was  relniued  for  tho 
ivxiiaining  slpepcrs. 

T  lie  results  obtained  by  this  somewhat  strnnf^c  construction  were  so  favoiirable 
thnt.1  have  recontmcnded  its  application  to  strengthen  the  suporstnicture  of  a  line 
ijatinj;  from  the  seventies  fur  which  Bessemer  rails  of  excellent  quality  had  been 
supplied, 

(tf,.  In  order  in  prevent  creeping  of  Ihe  line,  the  joint  is  generally  connected 
with  the  fastening  points  adjoining  it.  In  tlie  case  of  new  fish-plates,  it  is 
sidvisable  In  lei  Hie  lower  llanges  of  tho  angular  fish-plalc  come  down  far  enough  to 
laliR  igainsl  both  edges  of  each  of  the  bed  plates  on  the  sleepers  adjoining  the 
joiuis.  Or,  instead  of  this  forked  arrangemeni,  the  flange  of  the  fish-plale  can  be 
made  to  bear  al  its  two  extremities  against  the  side  of  the  sleepers. 

Oitier  arrangemenls  which  arc  used  for  the  same  purpose  have  been  shown 
elsewhere. 

I  may  add  that  in  tho  case  of  joints  provided  with  tension  plates  a  much 
slighter  tendency  to  creeping  is  observed  owing  to  the  more  complete  securing  of 
'he  rail,  accompanied  by  diminished  movement  of  the  sleepers.  Indeed,  there  is 
""l  little  (endeney  l.o  creeping  in  al!  systems  of  siiperslruclurc  where  a  better  means 
"fastening  has  been  adopted. 

'n  the  table  appendix  VI,  a^peeial  instance  is  taken  which  sels  forth  the  results 
obtained  by  tho  application  of  the  means  suggested  above  |l-4,  section  111)  for  streng- 
'nening  the  road  and  shows  how  tho  stresses  on  the  line  and  its  strength  are  affected. 

CONCH  "I)  I  NT.  ltE.MAKKS. 

The  question  under  investigation  consisted  in  setting  forth  the  means  to  be 
"Jopted  for  strengthening  the  superstructure  of  the  permanent  way  desirable  in 
'lew  ofincreased  speeds.  But  tn  absolutely  determine  the  type  of  construction  for 
"  w>ad  suitable  for  high  speeds  is  impossible,  because  the  increased  stresses  due 
("ily  lo  increaswl  speed  have  not,  either  by  theory  or  experiment,  been  delermined 
*'tb  asuflicicnt  degree  of  accuracy. 
'iur  investigations  could  only  be  based  on  the  stresses  due  lo  increased  dead 
,  which  can  be  calculated ;  but  the  influence  the  speed  has  in  increasing  these 
I  could  only  be  determined  qualitatively  and  not  quantitatively. 
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We  have  thus  only  been  able  to  compare,  under  the  assumption  of  a  constant 
wheel  pressure,  the  large  mass  of  data  supplied  to  us  by  the  Administrations 
concerning  the  types  of  permanent  way  on  sections  carrying  heayy  traffic,  and  to 
what  extent  they  have  proved  to  be  satisfactory.  Yet  we  may,  in  spite  of  the 
different  methods  of  construction  used,  observe  a  remarkable  agreement  in  the 
capability  of  the  road,  in  those  cases  where  the  demands  on  it  and  the  resistance 
are  in  equilibrium.  On  the  other  hand,  the  very  different  behaviour  of  types  of 
permanent  way  of  equal  value  when  subjected  to  the  influence  of  motors  built 
in  different  ways  gives  us  a  relative  measure  for  the  influence  which  is  exercised  by 
the  method  of  construction  of  the  motor  (when  this  is  at  rest)  on  the  requirements 
made  on  the  road. 

From  this  point  of  view,  we  were  compelled  to  recognise  the  fact  that  the  per- 
manent way  is  a  construction  for  a  definite  purpose,  which  has  fixed  limits  deter- 
mined by  its  elements  and  by  the  nature  of  the  materials  of  which  they  consist. 

Moreover,  we  were  compelled  to  recognise  the  fact  that  there  is  no  definite  type  of 
permanent  way  for  lines  intended  for  an  express  traffic. 

It  certainly  will  be  necessary  to  remember  when  laying  down  roads  for  such 
traffic  that  the  continual  growth  of  the  requirements  made  for  increase  of  speed 
and  of  comfort  calls  for  increased  power  of  traction.  This  in  its  turn  results  in 
greater  stresses  on  the  road  due  to  the  vertical  and  horizontal  pressures. 

Such  roads  used  for  express  traflie  will  accordingly  require  greater  resistance 
and  greater  stiffness,  and  the  fasleiiings  should  also  be  increased  in  number  and 
in  strength. 

In  considering  how  far  such  measures  are  to  be  extended,  it  has  to  be  borne  in 
mind  that  the  types  of  permanent  way  as  they  have  been  developed  up  to  date  do 
not  have  the  desirable  property  of  being  able  to  be  adapted  to  the  varying  require- 
ments of  the  traffic;  when  these  demands  are  increased  beyond  certain  limits,  the 
cost  of  maintenance  is  the  first  to  suffer,  and  then  the  safe  working  of  the  traffic 
is  endangered. 

Some  Administrations  allow  for  this  fact,  by  keeping  the  requirements  of  the 
traffic  with  regard  to  load  and  speed  within  definite  limits  that  are  not  exceeded. 
Others  construct  roads  to  have  a  maximum  of  resistance,  and  strengthen  the  whole 
conslruclion  or  parts  of  it  to  the  greatest  practically  attainable  limits,  and  thus 
the  road  is  furnished  with  a  power  of  resistance  in  excess  of  present  requirements. 

When  investigating  this,  special  importance  was  attached  to  the  necessity 
of  considering  the  structure  as  a  whole,  and  to  the  fact  that  it  is  useless  to 
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strengthen  one  part  of  it  when  the  other  parts  have  reached  the  limit  of  their 
strength. 

In  this  investigation,  the  sleeper  and  the  ballast  are  of  primary  importance,  and 

it  was  established  that  an  increase  in  the  vs^eight  of  the  rail  and  in  the  moment  of 

jresistance  of  its  cross-section  is  only  justifiable  when  it  is  accompanied  by  an 

increase  in  the  number  of  sleepers  which  receive  the  pressure  and  transmit  it  to 

the  ballast. 

It  has  been  established  in  this  investigation  that  a  road  of  maximmn  capacity  will 
have  approximately  the  following  elements  of  construction  : — 

The  ballast  should  have  a  thickness  of  not  less  than  15-7o  inches  (0*4  metre) 
<2onsisting  of  readily  permeable  material  resting  on  dry  sub-soil,  so  that  even  under 
l.ess  favourable  conditions  such  as  wet  weather,  etc.,  the  ballast  will  still  have  a 
coefficient  K  =  108-4  (G  =  3). 

Sleepers  of  wood  or  mild  steel  should  be  8  feet  10*3  inches  (2*7  metres)  long,  10'24 
inches  (0*26  metre)  wide  on  their  lower  face,  and  should  have  a  cross-section  such 
1,bat  ^^^  S  and  should  allow  the  rail  to  be  firmly  fixed. 

Rails  should  be  of  a  homogeneous  hard  and  tough  steel;  they  should  be  9*84  to 
13*12  yards  (9  to  12  metres)  long  and  have  a  cross  section  whose  moment  of  resis- 
tance is  about  12*20  cubic  inches  (200  cubic  metres). 

The  sp€Uie  between  the  sleepers  should  not  exceed  19*69  inches  (0*50  metre)  at  the 
joint  and  31*80  inches  (0.80  metre)  over  the  rest  of  the  rail.    The  further  reduction 
^f  the  latter  dimension  allows,  for  greater  wheel  pressures,  the  use  of  7*87  or 
**80  tons  (8  or  9  tonnes);  but  this  method  is  open  to  objections. 

The  transverse  forces  increased  by  higher  speeds  should  be  provided  for  by 
increasing  the  number  of  the  fastenings  (of  the  rail  to  the  sleeper)  to  3  or  4  in  each 
<^se,  and  by  correspondingly  strengthening  these  by  the  use  of  screw-spikes,  bed- 
plates, chairs,  etc.;  also  by  improving  and  strengthening  the  fish-joints. 

A  road  thus  constructed  in  which  all  the  dimensions  and  arrangements  are  based 
on  theory  and  experience,  will  offer  the  maximum  resisting  capacity  that  it  is  prac- 
tically possible  to  obtain. 

That  this  maximum  is  not  much  in  excess  of  the  resistance  which  is  obtained  in 
roads  constructed  on  methods  at  present  in  use  has  been  shown  above;  indeed,  in 
some  methods  of  construction  the  size  and  arrangement  of  certain  parts  go  beyond 
those  here  proposed. 

The  great  cost  of  maintenance  which  is  met  with,  shows  that  the  requirements 
due  to  the  traffic  have  reached  or  exceeded  the  limit  of  the  power  of  resistance. 


1(6 
■  -   t»^i!;.t^  '•*  s3v:iltT  requirements  are  already  being  discussed 

^   •  -trMr^ening  the  lines  in  such  a  way  as  to  satisfy  such 

.»i*  ^»»  :dL  exiveding  the  natural  limits  of  the  capacity  for 

.^^<  a  iie  truinber  and  size  of  the  sleepers  combined  with  an 

Hi   K  'th'  r^* -  i^  "*^  justifiable  from  the  economic  point  of  view ; 

tp:%iKHU  aJtfiH^Iy  increasing  the  gauge  of  the  line,  is  out  of  the 


lit   xa* 


••A*'*^     ** 


itKH  *W!i  k  fo  improve  the  method  of  consti^ction  of  the 


^^'^ 


•«H^  rvHvmotive  superintendent  to  utilise  to  the  greatest 

:w  ji^j^of  theline  for  adhesion  and  traction  by  constructing 

'ill  Oicrca^Hl  wheel  pressure  shall  show  decrease  in  dynamic 


..  -.*•  «^ 


*.     r  ^*5i  shown  that  locomotives  with  six  wheels  coupled  are  to 

"^  '  ^ $)KHild  not  be  too  close  together;  that  leading  and  trailing 

*  tKiN  K>aKKHl;  and  that  inside  cylinders  should  be  adopted ;  these 

^  n\e  the  most  favourable  conditions  for  the  permanent  way, 

"*    7  r'^Kv^^  ?WTS4i^^^  ^^  ^  increased. 

*«s>rt  <v>r  discussion  at  the  fifth  meeting  of  the  International 
^  -  *\i^n>s  the  opinion  that  it  should  deal  only  with  the  general 

;  ^.^ »;,  while  each  Administration  should  determine  for  itself  to 
'  ^     -     ,,  ^tth  iJvantaj.v  apply  these  principles. 
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■uterial  of  flsh-joints. 


plian. 

French 

Dutch. 

Meridional 

• 

French 

Belgian 

Paris-Lyons- 

French 

St-Gothard. 

Western. 

Adriatic. 

Southern. 

State. 

Mediterranean 

Northern. 

Over  6 '89  tons  (7  tonnes) 

• 

■99 

e  94- 

7-18 

7-37 

7-38 

7-38 

7-5/ 

7-65 

708 

oao 

7,050 

7,900 

7,490 

7,600 

7,600 

7,036 

7,076 

7,800 

n 

IV 

II 

II 

1 

II 

II 

II 

II 

n 

IV 

II 

II 

II 

II 

II 

II 

II 

1*65 

18- 11 

••  • 

28-91 

21-26 

28-74 

31-49 

25-59 

23-62 

S^ 

460 

•  •• 

735 

540 

730 

800 

650 

600 

1-65 

18-11 

•  •• 

28-94 

17-72 

23-74 

31-49 

25-59 

23-62 

SfiO 

460 

•  •• 

735 

4f>0 

730 

800 

650 

600 

3-81 

8-71 

•  •• 

3- 16 

11-83 

7-29 

4-40 

•  •• 

4-70 

3-81 

8-71 

•  •• 

3- 16 

7-09 

4-46 

•  •• 

4  70 

»-5 

%2-6 

•  •• 

131-7 

491 

302-7 

185-7 

•  •  • 

196-6 

»  5 

362-6 

••• 

131-7 

21*5-3 

lK-7 

•  •• 

1960 

1-78 

3- 12 

•  •• 

1-52 

•  •• 

2-83 

200 

•  •• 

2-11 

1-7S 

3-12 

•  •■ 

1  52 

•  •• 

2-73 

200 

•  •• 

2  11 

!9Z 

51-1 

•  •• 

24-9 

•  •  ■ 

46-3 

32-7 

•  •• 

34-5 

!9t 

51-1 

•  •• 
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•  •• 

44-7 
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•  •• 

34-5 

JO-7 

17-6 

•  •• 

220 

95 

48-5 
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•  •• 

22-0 

9-4 

8-0 
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10-0 

4-3 
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10-0 
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17-6 
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220 

18-1 

46-3 
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•  •• 
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94 
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•  •• 
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21  0 

15-4 

•  •• 
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1 

•  •• 
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1 

1 
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1 

1 
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•  •■ 
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1 

1 
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•  •  • 

•  •• 

•  •  • 
••• 

•  •• 

4 

4 

4 

5 

4 

4 

6 

4 

4 

1-004 

0-984 

•  •• 

0'9<4 

0-';87 

0984 

0-964 

0-964 

0-934 

B'5 

25 

•  •• 

25 

20 

25 

25 

25 

» 

182 


APP 


TABLE  giving  the  itme  and  reiiilM 


NAME  OF  RAILWAY 


F^nch  State. 


Paris- 

OrlMML 


Gompany 

ofite 

Anstro- 

HoDgarioB 

State 
Raihraya. 


FM 


I 

2 


lioad  on  locomotive  wheels. 


:tOD8) 
(kg.) 


6'8D  tons  (7  tcmnea)  and 


6'7S 
ej2S0 


e'48 
6,660 


6-79 
6,900 


6 


n 


1  Material  of  sleeper. 

t  Class  of  rail .... 


Moment    i 

of  I 

inertia.     ) 


Section  of  rail .  .  . 


Moment 

of 

resistance 


.1 


CoefRcient  of  ballast 


sq.  ins. 

X 

sq.  ins. 

sq.  cm. 

X 

sq.  cm. 


(cub.  ins.) 


W        (cub.  cm.) 


K 
C 


Distance  between  sleepers  (centre  to  centre). 


(ins." 
(cm.) 


tons 


H  = 


6EI 


(ions   \ 
itis.    / 


kg. 


\    cm.    / 


Quantities  used 

in  /     D 

calculations. 


tons 


(>.;kx^>x/(  ^^"^  ) 

\   ins.    ^ 

in)  CXbXl  (-^^^^) 
\    cm.    / 


1) 


Iron. 


Wood. 


Bullheaded. 

30g7 
23-83 

l»0-9 
97U 

10-00 
8-73 

164 
143 

108-4 
3 

32-23 
82 

58-27 
41-87 

23303 
17947 


19-70 


7880 


2-96 
2-28 


21-61 


8016 


2-70 
2  07 


Wood. 
Bullheaded. 


29-35 


23-83 
1221-6 


Wood. 
TigDolea. 

20  73 
16  77 

863 


932 
8-30 

1527 
136 

103-4 
3 

32-22 

81-86 

56-79 
4601 

22715 
18400 

20-67 

8270 

275 
2-22 


8-24 
6-90 

135 

113 

)06-4 
3 

33-86 
86 

34-60 
28  03 

13840 
11210 

25-62 

10246 
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IV. 


■Twanmt  way  dna  to  a  dead  load. 


Paris- 

• 

'I 

Egjptian. 

Freocb 
Western. 

Dutch. 

Meridional 
Adriatic. 

French 
Southern. 

Belgian 
State. 

Lyons- 
Mediterra- 

French 
Northern. 

• 

St-Gothard. 

nean. 

■ 

Above  6  89  tons  (7  tonnes).                                                                     1 

t 

0*89 

e  04  . 

7-73 

7-37  . 

7-38 

7-38 

7'6r 

7-65 

7-68 

9 

7,000 

7,060 

7,300 

7,490 

7,600 

7.600 

7,636 

7,076 

7,800 

A. 

Wood. 

Wood. 
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Wood. 

Wood. 

Wooi. 

Wood. 
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^ 
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Vignoles. 

Vignoles. 

* 

Sjaattrieal 
diibU  hM4«4. 

Vignoles. 

Vignoles. 

Vignoles. 

Vignoles. 

ii 

31*53 

30*35 

26*15 

24*21 

23-94 

42-50 

38-07 

38-10 

39-40 

F" 

n-flO 

23-78 

21-21 

18-71 

17-99 

33-56 

a 

31  61 

29  60 

30-46 

1 

l«7-5 

120*6 

1085 

1006 

996*7 

1769 

1585 

1586-1 

1640 

1 

11« 

990 

883 

T79 

749 

1397 

1316 

1232 

1268 

B 

If- 19 

10*36 

9*58 

9-26 

9-08 

14  65 

13-61 

12-50 

13-55 

r 

10*31 

909 

8-73 

7-38 

7-20 

12-20 

11-71 

10  13 

10  86 

s 

190-7 
160 

160*7 

1« 

1S7 
143 

157-7 
121 

148*8 
118 

240 
200 

223 

192 

204-8 
166^ 

222 

r 

178 

4 

lOB-4 

106*4 

108*4 

108*4 

106-4 

108-4 

108-4 

106-4 

108-4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

B 

33  13 

20*45 

36*42 

33-86 

38-74 

31-50 

28-46 

31-50 

31-80 

81*6 

74*8 

9t*5 

86 

96*4 

80 

72-3 

80 

81 

• 

«7-« 

77*00 

34*96 

40-41 

26  67 

£B  12 

107-00 

79  00 

78*70 

r 

5397 

00  32 

2831 

31- 12 

20  00 

69-61 

81  80 

61  37 

60  6J 

B. 

XDNOO 

30797 
24120 

13963 
11326 

16165 
12447 

10670 
8002 

35242 
27811 

42791 
35517 

31506 
24544 

31477 
24237. 

i" 

S1S80 

B 

33*60 

23*53 

23  60 

21*58 

24*86 

24-41 

18-15 

22-94 

18-57 

1 

0tfl7 

• 
9414 

9440 

1 

8632 

9945 

9764 

7261 

9176 

7426 

1 

• 

3-97 

3''27 

1-48 

1-87 

107 

3-61 

5-K9 

3-44 

4-24 

f 

T=«" 

isd 

1-20 

1-44 

6-80 

2-85 

4-89 

2-67 

3-26 
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NAME  OF  RAILWAY 


Franch  State. 


Paris- 
Orleaiia. 


Oompany 

of  the 

Austro- 

Hungarian 

State 
Ratiwajra. 


Fc 


I 

S 


Load  on  locomotive  wheels. 


!(too8; 
(kg. 


6*bP  tons  (7  tonnea)  and  ■ 


6' 76 
€,260 


6-46 
6,660 


6-79 
6,900 


6 


Maximum  pressure  of  rail 


(tons 


1kg. 


Bending  moment 


1    " 

M    < 


(inch  tons 


Rail. 


Stress 


.1 


(kg.  X  cm. 


(tons  per  sq.  in. 


I    ;kg.  per  sq.  em. 


Bending  moment  M' 


8 


Sleeper. 


Stress t 


,1 


9 


Maximum  pressure  on  ballabt .  .  p 


(inch  tons' 


(kg.  X  cm. 


(lbs  per  sq.  in. 


(kg.  per  sq.  cm. 


(lbs  per  sq.  in. 


(kg.  per  sq.  cm 


10 


Maximum  sinking  in  ballast y^. 


(ins 


(cm 


in  working  days 


11 


Mean  cost 
of  maintenance. 


(per  yard 
(per  metre 


i 


1  (in  pence  per  yard 
in  money  l 

i  (kreutzers  p.  metre 


3g)0 
3t35 

sag 

3287 

89-70 
65-51 

179900 
189100 

897 
7-51 

1097 
1182 

14  15 
14-31 

36630 
30930 

1T32^) 
17510 

1218 
1^1 

208 
21-0 

1-40 
1-48 

0  193 
0  193 

0  40 
0-49 


3-211 
8-M9 

'  3263 
330t 

3823 
61-01 

176100 
165100 

6-82 
7-34 

1074 
1156 

17-03 
17-23 

43960 
44480 

'/24 

50-9 
51-5 

17-9 
18-4 

1-26 


1  29 

0166 

0  169 

0-42 

0*43 


3-363 
8-391 

8418 
3449 

71-70 
03-15 

185065 
175000 

7-70 
8-21 

Iglf 
1298 

17  83 
17-99 

46027 
46446 

791 
801 

558 
56-3 

19  8 
20-1 

1  39 
1-41 

0181 
0  177 

0-46 
0-47 


3-6St 
3-743 

S74f 
3804 

67*n 

62*98 

171<9i 
162550 

8-07 
9  13 

irw 

1438 

16-77 
17  06 

4330(1 
44040 

8^4 
818 

56-5 
57  5 

18-6 
18  8 

1-31 
1-32 

0  143 
0173 

0-44 
0-44 

0-165 

018 

2-*74 

15 


ISS 


Paris- 

D 
D. 

Egyptian. 

French 
Western. 

Dutch. 

Meridional 
Adriatic. 

French 
Southern. 

Belgian 
State. 

Lyons> 
Mediterra- 
nean. 

French 
Northern. 

St-Gothnrd. 

Above  6-89  tons  (7  tonnes).                                                                 1 

9-80 

6-04 

7-18 

7-37 

7-38 

7-38 

7-51 

7-55 

7-68 

i 

7,000 

7,050 

7,300 

7,400 

7,600 

7,500 

7,636 

7,675 

7,800 

i 

3- 137 

3*061 

3-880 

3-916 

4-075 

3-813 

3-014 

3-301 

3  947 

» 

3*301 

3ttl 

4-104 

3-960 

4-690 

3-846 

3*106 

3-48S 

3-978 

3183 

3101 

3943 

3979 

4141 

3875 

3063 

3355 

4011 

33M> 

3273 

4171 

4045 

4766 

3906 

3155 

3544 

40«3 

» 

77-80 

73-40 

77*42 

78-41 

77-94 

85-32 

86*23 

86-42 

92-88 

; 

73-79 

69  37 

7338 

73-34 

72-66 

80  94 

83*42 

81  60 

87-88 

1 

2C0803 

180430 

199820 

202.78 

201179 

220200 

222566 

K3065 

239720 

) 

KO«0 

179044 

189310 

189300 

187550 

208900 

215300 

210595 

2^^800 

6-39 

7*09 

8*08 

8-47 

8-59 

5-83 

6-34 

6-92 

6-80 

( 

7-16 

763 

8*41 

9-93 

1009 

6-67 

7*12 

806 

8-09 

1006 

1116 

1273 

1334 

1352 

918 

998 

1069 

1080 

1U7 

IfOt 

1324 

1564 

1589 

1060 

•      1121 

1269 

1274 

r 

15-63 

15*50 

19-33 

19  28 

22*12 

18-31 

15  02 

16-03 

17-86 

1 

16-43 

16*45 

20-45 

19*60 

23  90 

18-46 

15  46 

16-94 

18  00 

f 

40342 

40225 

40900 

49775 

57100 

47250 

38760 

41374 

46100 

> 

«M63 

42452 

52780 

50600 

61700 

47640 

39900 

43714 

46470 

613 

878 

728 

903 

1135 

1259 

735 

670 

1651 

614 

926 

770 

917 

1225 

1269 

757 

707 

1666 

i 

431 

61-7 

50*2 

63-5 

79*8 

88-5 

51-7 

47*  1 

1161 

• 

45-3 

65' 1 

54-1 

64-5 

86-1 

892 

53*2 

49*7 

1171 

• 
> 

17-4 

15-6 

20-6 

22  8 

22-2 

19-5 

208 

179 

27  4 

r 

18t 

16-5 

21-8 

23-0 

23-0 

19-6 

21-5 

18-9 

277 

1-a 

1-10 

1*45 

1-60 

1*49 

1-37 

)-46 

1*26 

1*93 

• 

l-» 

•1-16 

1*53 

1-62 

1*62 

1*38 

1-51 

1-33 

1  95 

r 

0-161 

0146 

0  189 

0-209 

0-197 

0-181 

0-193 

0166 

0252 

r 

0-160 

0-154 

0-201 

0  213 

0*213 

0  181 

0197 

0  173 

0-256 

1 

0*41 

037 

048 

0*53 

050 

0*46 

049 

0-42 

0*64 

' 

0*43 

0-30 

0  51 

0-54 

0-54 

0-46 

0-50 

044 

0-65 

1 

• 

• 

0*183 

0*329-0-366 

• 

0-137 

• 

0-183 

• 

• 

. 

0*20 

0-36-0-40 

• 

015 

. 

0-20 

• 

• 

• 

7*32 

• 

• 

3-44 

■ 

• 

• 

• 

• 

40 

33 

• 
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. 

• 
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stress  on  fish-plates. 
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13-6 
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FERMANENT    WAY 


STRKNOTHENED. 


Blrcngthcocd  by  muiDB  of  boLlBst 
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be 

ro 
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:vi. 


■  of  ivpantnutan  with  rails  weighing  71  Iba  per  yard  (30'2  kilog.  per  metre)  ^ 
I.  X  tq.  em)  and  a  moment  of  reaistanee  Z  =  8*31  cub,  in.  (W  =  136*2  onb.  em.). 


Maximam 

BENDING  MOMENT  AND  STRESS. 

*rasanrft 

sinking 

Pressure 

of 

of 
aleepar. 

On  the  rail. 

On  the  sleeper. 

on 
ballast. 

raU. 

M 

9 

m' 

a' 

• 

s 

• 

• 

8 

Tons. 
Inch. 

X 

Tons  per 
sq.  in. 

Kilog. 

per 
sq.  cm. 

Inch. 
Tons. 

X 

Lbs  per 
sq.in. 

Lbs  per 
aq.in.   . 

Kilog. 

per 
sq.  cm. 

m 

3710 

0-84 

0-8083 

76-73 

196082 

9-J3 

1454-0 

15-38 

39708 

834 

58-6 

24-25 

1-7049 

BO 

4054 

0149 

0-3771 

67-50 

174445 

8-13 

1280-8 

16-34 

42175 

885 

622 

26-82 

1-HH55 

r» 

X» 

om 

0-4336 

7M9 

183740 

8-57 

13490 

20  05 

51808 

814 

57-2 

18-67 

1-3128 

BO 

43» 

01« 

O-3065 

63-18 

leaon 

7-60 

1197-4 

21-99 

56761 

802 

627 

21*94 

1-5425 

m 

aM5 

0-310 

0-5670 

73-83 

190576 

8-88 

1399-0 

1508    . 

38921 

816 

57-4 

23-T7 

1-6710 

S74 

3733 

0-137 

0-3472 

85-37 

168716 

7-87 

1238-7 

15-05 

3R8:W 

815 

57-3 

24-69 

1-7360 

m 

30K 

0106 

0-4200 

68-78 

177599 

8-28 

13040 

19-31 

49828 

784 

55-1 

17-96 

1-2627 

" 

3BS7 

0-108 

O-fTSl 

60-06 

157334 

7-34 

11552 

19-61 

50614 

795 

55*0 

19-56 

1*3755 

APPENDIX  VII 
Diaiframs  sbowing:  the  movenieiitB  of  ttie  rail-enda 
and  of  the  peg  to  which  the  scale  is  Axed  at  the 
flah-joint  during  the  passage  of  a  train. 
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Question 
CoGElion 


Compte  renda  g^n^ral  of  the  International  Railway  Congress 

I.  —  Ihvsseh  Session  1885. 

Types  des  voiea  ferr4«a Beporl  bj  Mr.  Lebon. 

II.   —  Milan  Session  1887  ('). 

Traverees  mStalliquea Heporl  by  Mr.  A.-M.  KowolskE. 

Enlretien  dea  voies Report  by  Mr.  L.  Piiran. 

Voies  Irfs  faliguies Report  bj  Mr:  Siegler. 

in.  —  Paris  Scastioii  1889  ('J. 

Quulit^  du  m^ljil  dei  rails Beporl  by  Ur.  Briekn. 

Usure  des  rnila  d'acier Report  by  Mr.  L.  de  Biisscher«. 

Comparaisoii  dus  voies  k  double  bour- 

relet  el  des  Toiea  Vi(;nalea Report   by    Messrs.    B«melinaiis    eb 

Bruneel. 
FitalLoa  dea  rails  Vijiiolea  aui  traTer- 

ses  ea  bois Report  by  Ur.  Hobenegger. 

^clissage  des  rails Report  by  Mr.  Pi^ron. 

Lignea  pnrcourues  par  dea  trains  ra- 

pides Report  by  Mr.  Julea  Miclial. 

Les  bris  dea  rails Report  by  Mr,  Brtcka. 

L'cntretlen  dea  voies  m^Lilliguea,    .    .  Rcj>ort  by  Mr.  Kowalski. 
IV.  —  St.  Petersburg  Session  1892  (»). 

Entretien  dea  voies Report  by  Mr.  F.  Bruneel. 

Eflbrt  des  bandngea  sur  les  rails  .    .   .  Report  by  Mr.  V.  Klemming. 
Relation  eaire  la  voie  et  le  materiel 

roulanl Report  by  Mr.  W.  Ae(. 

Voiea  des  troina  rapidea Report  by  Sir  O.  Piadlay . 

Les  bria  des  mils  el  I'usure  des  rails 

d'acier Report  by  Messrs.  Bricka  et  de  Bns— 


IV 

1-A.   . 

II-A  . 

II-B  . 

Il-C  . 

II-D  . 

VII-B 
VIl-C 

V-A  . 

VIII-A 

VIII-B 
VIII-C 

IX.    . 

Report  by  Mr.  Konalalci. 
Report  by  Mr,  V.  Herteaatein. 


L'enlietien  courant  des  troverses  mjtal- 

Lea  traverses  en  boia  .   .  . 
Passage  dana  les  courbes 

A.  Materiel  niulant Report    by    Messrs.    Lancrenon 

J.  Morandiere. 

B.  Voie Report  by  Mr.  O.  da  Bouiquet. 


1  de  la  ConunlMlon  lnt«mationale  dn  Congrto  dm  oh«inliiB  ds  (br,  toI.  VIII, 
No  5,  May  1894,  p.  347,  348,  -  Les  progrts  de  la  technique  de  reiploitatjon  dea  cbcmins  de  fer  alle- 
manda  dana  les  demiires  anntea.  ••  Meeting  of  the  German  Railway  Technical  Verein  held  ■(  Stnsbnrg' 
in  June  1893.     Question  4  of  group  I  :  Strengthening  of  the  track.  (Verst^crkung  dea  Oehiaa.) 

(1)  The  articln  reTerred  10  atl  appeared  also  In  Die  Bull'Hn  du  Cangrii. 
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APPENDIX   IX. 


(Summary  of  the  Beplies  of  the  ManagementB  bdonging  to  the  Congress 

to  the  questions  asked.) 


We  now  proceed  to  give  a  summary  of  the  most  important  data  received  in  answer 
to  our  questions;  and  we  desire  to  express  our  sincere  thanks  to  the  ditTerent  Man- 
agements for  the  trouble  and  care  they  have  taken  in  giving  us  this  information. 

PreUminary  note. 

Description  of  railways  here  taken  into  consideration  :  These  questions  only  refer  to 
railways  on  >vhich  there  is  a  regular  service  of  trains  travelling  at  a  speed  of  more  than 
31*07  miles  (50  kilometres)  per  hour. 

I.  —  Name  of  the  railway. 

1»*  Name  of  th^  /m«,  or  of  the  section  of  the  line. 

The  name  of  the  line  or  of  the  section  of  the  line  to  which  the  following  facts  apply  is  to  be 
dearly  stated. 

2"**  Number  of  tracks. 

It  is  to  be  stated »  whether  the  line  has  ono»  two  or  more  tracks. 

3"*  Leixgth, 
The  length  in  use  for  traffic  should  be  stated. 


Kaiser  Ferdinands  Nordbahn.  —  Total  mileage,  293*7  miles  (472*7  kilometres);  single  line, 
53*2  miles (85*6  kilometres) (18  p.  c);  double  line,  240  5  miles  (387*  1  kilometres)  (82  p.  c). 

PriTileged  Austro-Hungarian  State  Railway  Co.  —  Total  mileage,  438*7  miles  (706  kilometres); 
iioglaline,  196*7  miles  (316*6  kilometres)  (45  p.  c);  double  line,  242*0  miles  (389*4  kilometres)  (55  p.  c). 

Austrian  Southern  Railway.  —  Total  mileage,  1,053*7  miles  (1,695*5  kilometres);  single  lino, 
630*4  miles(l,014*6  kilometres)  (60  p.  c);  double  line,  423*  1  miles  (680*9  kilometres)  (40  p.  c). 

Meridional  Railway.  Adriatic  System.  —  Total  mileage,  1,761  6  miles  (2,835  kilometres);  single 
line,  1,359*5  miles  (2,188  kilometres)  (77  p.  c);  double  line,  402*01  miles  (647  kilometres)  (23  p.  c.) 
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Italian  Mediterranean  System.  —  Total  mileage,  1,511  -7  miles  (2,432-9  kilometrM);  single  line, 
899-0  miles  (1,4468  kilometres)  (59*5  p.  c);  double  line,  612*7  miles  (986*1  kilometres)  (40'5  p.  c). 

French  State  Railwasrs.  —Total  mileage,  1,463*9  miles (2,356  kilometres);  single  line,  1,212*3  miles 
(1 ,951  *  9  kilometres)  (83  p.  c);  double  line,  251  *  1  miles  (404  *  1  kilometres)  (17  p.  c). 

Paris,  Lyons  and  Mediterranean  Railway.  —  Total  mileage,  535*6  miles  (862  kilometres);  double 
line,  530*6  miles  (854  kilometres)  (99  p.  c  );  single  line,  4*97  miles  (8  kilometres)  (1  p.  c). 

French  Sonfthem  Railway.  —  Total  mileage,  295*7  miles  (476  kilometres);  doable  lint,  295*7  miles 
(476  kilometres)  (100  p.  c). 

Paris-Orleans  Railway.  —  Total  mileage,  361*6  miles  (582  kilometres);  doable  line,  361*6  miles 
(582  kilometres)  (100  p.  c). 

(The  management  remarks  in  its  letter  sent  in  reply  to  the  questions  that  a  speed  of  at  least  34*17  miles 
(55  kilometres)  is  authorised  throughout  its  system.) 

French  NorthemRailway.  — Total  mileage,  369*1  miles  (594  kilometres);  dooUe  line,  369*1  Boiles 

(594  kilometres)  (100  p.  c). 

Franch  Western  Railway.  —  Total  mileage,  2,815*4  miles  (4,530*9  kiloa«slres^  tii«k  line, 

1,667-8  miles  (2,683*6  kilometres) (59  p.  c);  double  line,  ^147*8  miles  (1,847*3  kilometres)  (41  p.  c). 

Belgian  State  Railways.  —  Total  mileage,  474*2  miles  (763*3  kilometres);  doable  Um,  474*2  miles 

(763-3  kilometres)  (100  p.  c). 

Dutch  Railway  Go.  —  Total  mileage,  17-9  miles  (28*8  kilometres);  doable  lins,  17*9  milse  (28-8  kilo- 
metres) (100  p.  c). 

Egyptian  Railways.  —  Total  mileage,  514-5  miles  (828  kilometres);  single  line,  363*5  miles  (585  kilo- 
metres) (71  p.  c);  double  line.  151*0  miles  (243  kilometres)  (29  p.  c). 

Russian  State  Railways  (St.  Petersburg  to  Warsaw).  —  ToUl  mileage,  799*6  miles  (1,286-7 
kilometres);  single  line,  92*8  miles  (149*4  kilometres)  (11*6 p.  c);  doable  line,  706*6  miles  (1,137*3  kilo- 
metres) (88*4  p.  c). 


II.  —  Traffic  on  the  links. 

1*^*  Class  of  train. 

The  different  classes  of  trains  which  run  on  the  Hue  are  to  be  given  here : —  passenger  trains : — 
express,  through,  stopping,  and  mixed;  goods  trains  : —  fast  and  slow;  besides  these,  special 
passenger  tiains  and  special  goods  trains  for  certain  materials  (such  as  slate,  cbalk,  stone,  coal, 
ore,  farm  produce,  etc.). 

Vide  3'^«i. 

2'"'  Average  composition  of  trains,  and  construction  of  vehicles. 

A  sketch  for  each  sort  of  train,  showing  the  average  composition,  gross  weight,  weight  per 
wheel,  and  space  between  each  pair  of  wheels,  etc.,  is  to  be  given. 

Vide  appendix  X. 

Wliat  is  the  method  of  construction  adopted  for  the  engines  and  carriages  of  express  trainsl 


a)  Locomotives  :  fixed  leading  wheels  or  bogie»  relative  position  of  wheels  to  -the  fire-box, 
number  and  position  of  cylinders  (inside  or  outside). 


Kaiser  Feriiafiildi  Nordbahn.  —  Bogie,  foar^xsupled  wheels,  driving  axle  in  front  of  fire-box, 
coupled  axle  ander  fire-box,  two  outside  cylinders. 

PriYileged  Anstro-Hungarian  State  Railway  Go.  —  Leading  and  trailing  wheels  with  radial  axle 
boxes,  the  trailing  axle  under  the  fire-box,  driving  and  coupled  axles  in  front  of  fire-box,  two  outside 
cylinders. 

Aaatrian  South^m  ttailway.  —  Bogie,  four-conpled  wheels,  the  coupled  axle  under  the  fire-box, 
two  outside  cylinders. 

Gotbard  Railway.  —  Three  types  :  1>^  Bogie  and  six-wheels  coupled,  the  third  axle  under  the 
fire-box;  2°^  bogie  and  four-wheels  coupled,  coupled  axle  behind  the  fire-box;  3'^  six-wheels  coupled,  the 
third  axle  under  the  fire-box.  The  compound  locomotives  of  type  1*^  have  in  some  cases  three,  in  others 
four  cylinders.    Those  of  the  other  two  types  have  two  outside  cylinders. 

Meridienal  Railway.  Adriatic  System.  —  Three  types  :  i«^  Leading  wheels,  four-coupled  wheels 
driving  axle  in  front  of  the  fire-box,  coupled  axle  under  the  fire-box;  2>^^  bogie,  driving  and  coupled  wheels 
as  in  type  1'^;  3'^  six-wheels  coupled  (position  of  cylinders  not  stated). 

French  State  Railways.  —  Fixed  leading  wheels,  ibur-coupled  wheels,  ail  axles  in  front  of  fire-box, 
two  outside  cylinders  in  front  of  the  leading  axle. 

Paris,  Lyons  and  Mediterranean  Railways.  —  Since  the  winter  of  1893-94,  only  locomotives 
converted  into  bogie  engines  have  been  used  lor  expresses.  They  have  four-wheels  coupled,  one  axle 
in  front  of,  the  other  behind,  the  fire-box,  and  two  outside  cylinders.  (See  note  of  Mr.  Baudry,  on 
the  conversion  of  express  engines  P.-L.-M.  into  bogie  engines,  1894,  January  number  of  the  Revue 

Frendl  Sovtltem  Railway.  —  The  leading  axle  has  hom  blocks  inclined  at  1  in  16,  allowing  a 
transverse  play  of  5/8  inch  (16  millimetres);  four-wheels  coupled,  one  axle  in  front  of,  the  other  behind, 
the  fire-box.    Two  outside  cylinders  placed  nearly  equally  between  the  leading  and  driving  axles. 

Paris-Orleans  Railway.  —  Locomotives  without  bogies,  with  eight  whe^,  the  middle  four  of  which 
are  coupled,  the  leading  and  trailing  axles  are  provided  with  inclined  horn  blocks  so  as  to  allow  transverse 
play.    The  engines  have  generally  two  outside  cylinders. 

French  Northern  Railway.  —  Bogie,  and  four- wheels  coupled;  the  driving  axle  in  front  of,  tli* 
coupled  axle  behind,  the  fire-box.  In  some  types  the  latter  axle  is  under  the  fire-box.  Most  of  the  types 
have  two  cylinders;  two  types  of  compound  engines  have  four  cylinders. 

French  Western  Railway.  —  Since  1889,  the  locomotives  have  had  bogies,  and  the  fire-box  comes 
down  between  the  coupled  pairs  of  wheels.     Inside  cylinders  above  the  bogie. 

Belgian  State  Railways.  —  Two  types :  l*^  On  level  roads  a  pair  of  leading  wheels  with  radial  boxes, 
four  intermediary  coupled  wheels,  and  the  trailing  axle  under  the  fire-box,  two  inside  cylinders;  2"*^  on 
lines  with  steep  gradients,  a  pair  of  leading  wheels  with  radial  boxes,  six-wheels  coupled,  the  tliird  axle 
under  the  fire-box,  two  inside  cylinders. 

Dutch  RaUway  Go.  —  Bogie,  four- wheels  coupled,  two  inside  cylinders. 

fiSQFptlMI  Hailways.  —  One  pair  of  leading  wheels,  four-wheels  coupled,  the  driving  axle  in  front 
of,' the  coupled  axle  under  the  fire-box. 


Bafdan  Stata  Htflwayi  (Bt.  Petenbnrg  to  Waruw).  ~-  ComiMiMd  1m^  aofFin^  willk  Jbnr 

driving  wheels;  Ure-boi  p].iced  bclucen  Die  Ino  pairs  or  coupled  ailes,  two  outside  cjliuders. 


b]  Passenger  carriages  :  number  and  distauce  apart  of  tlio  wheela;  rigid  axle-boxes,  radial  J 

axle-boxes  or  bogies.     Tjpes  of  wheel,  and  nature  of  tbe  inBterisla  eatei-ing  into  their  cooctniC'         -- 

tion,  and  arrangement  of  the  springs.  i 


Kaiter  Ferdinands  Nordbahn,  —  Two  types  :  !■>  Inlercommunicalian  carriages  with  si(-wbe«Is; 

distance  between  nilea,  14  feet  U  1;'.S  inclies-f-  ^^  ^**^  ^  '/^  inchei)  =  29  feel  ti  j/l  inchas  [4-5  niulrei 
-{-  4'5melre3^y  metres);  radial  a ile-liuies.  The  middle  axle  has  longitudinal  plaf,  £>"'lntercoiiimani- 
cation  carringes  with  four  wheels;  distance  between  .niles,  15  I'eel  6  5/8  Inches  to  18  feet  l/iiiich  (4  74  lo 
S  5  metres).  Fiied  niles.  Both  tjpc-9  hove  wheels  with  wroushl  iron  spokes,  and  are  6tted  oilh 
laminated  springs  willi  aitJusLible  supports. 

Privilsged  AuBtro-Hangarian  State  Railway  Co.  —  Three  types  •.  1"  Four-wheeled  carriaga* 
having  a  lateral  play  of  3/4  inrh(S(l  millimelreE)  to  each  side;  distance  between  axles,  16  feet  7/9  inch  to 
n  feet  5/8  incli  (49  lo  52  metresj;  2'"'  four-wheeled  carriages  with  radial  boies;  disbince  between  *^ 
axles,  18  feel  IfJ  iacll  (S'5  metres];  3''''  six-wheel  coaches  with  radial  bole's;  distance  between  nilea,  ^^ 
11  feet  5  5/4  inches  -f  It  feet  5  3/4  inches  =  S!  feet  It  1/2  incLes  (3'S  melies  -[-  3*5  metres  ^^ 
f=  7  metrea).  Wheels  with  wrought  iron  solid  bodies,  or  with  wrought  irou  spokes;  wheels  of  Martia  ».m\ 
cast  steel,  cast  under  pressure,  tyres  of  Martin  steel.  All  the  carriages  are  carried  ou  laminated  '*** 
■uspension  springs  by  intermediary  oial  links,  or  suspension  links  inclined  ul  40°  to  the  horiiontal. 

Anstrian  Sontbem  Railway.  —  Two  typei :  l>>  Carriages  with  four-wbeels  with  fixed  atle-boiet.    ...< 
Axles  15  feel  9  inches  (4*1*  metres)  apart;  %'^^  carriages  with  four  wheels,  viih  riidial  boiCv>>,  axles 
18  feet  S  ill  inches  (.^-7  metres)  apart.     Wheels  with  wrought  iron  spokes,  or  wrought  iron  solid  bodies,  ^ 
with  Qxles  and  tyres  of  cast  steel.     The  springs  are  arranged  with  adjuslabte  suspension  links. 

FrBllCh  State  Railways.  —  Two  types  :  l<>  in  two  express  trains  from  Cliarlres  lo  Bordeaux,  eigh 
wheeled  bogie  carriages  are  used.     Distance  between  bogies,  36  feet  1  inch  (11  metres);  space  b«lweeu< 
bogie  axles,  7  feet  10  (/S  inches  (2-4  metres);  2"'' on  the  otlier  lines,  end  forall  other  trains,  four-wbeeli 
carriages,  with  Hied  axle  boxes,  and  axles  12  feel  3  l/S  inches  (3'75  metres)  apart.    The  wheels  hiTe^ 
cast  solid  bodies.     (No  information  is  giveu  ai  lo  arrangemenl  of  springs.) 

French  Southern  Raitway,  —  All  the  passenger  carriages  ore  four  wheeled,  with  axles  from  14  feel^ 
0  inches  to  19  feet  1/4  inch  (4-5  to  5'S  metres)  apart.  The  axles  are  flied;  but  at  the  same  lime  sonte^ 
transverse  and  some  longiludiiiul  play  is  alloned  by  the  horn  plolcs  to  the  axle-box. 

Ttie  wheels  have  solid  bodies  witli  tyres  Hied  by  -  Uansell  <•  rings.     The  ailei  and  bodi 
the  lyres  of  steel.     The  suspension  springs  rest  oo  lop  of  Uie  nile-boxes.  they  are  attached  to  the  fmine 
by  twin  tie-rods. 

Paria-Orleans  Railway.  —  Two  types  :  l"  Pour-whee 
(5'S  metres)  opart;  2°''  eight-wheeled  carriages  on  two  bogies: 
10  I/!  inches  (11-24  metres). 

French  Northern  Railway-  —  Four-wheeled  and  also 
Bxloa,  8  feet  S  1/4  inches  Lo  13  feet  8  1/2  inches  (2-(i5  to  5-7  metres). 

French  Western  Railway.  —  The  carriages  have  four-wheels,  always  with  tlxcd  axtc-boies;  space 
between  the  atles  generally  IS  feet  4  indies  (3-7fl  metres);  in  the  case  of  newer  coaches,  18  feel  1/S  iotb 
•Ml  10  feel  4  1/4  inches  (D-&aDd  5-9  meln^. 


<ll  -  rings.     The  ailei  and  bodies  are  of  iron.  —  ^ 
he  nile-boxes.  they  ore  attached  to  the  frame  ^^^ 

leeled  carrisgei  with  axles  18  feet  1/2  inch    *^3 
Bs;  distance  between  centres  of  bogies,  36  feat    ^^K 

eight- wheeled  corri.igos.     Distance  between       ""^ 
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The  wheels  have  solid  iron  bodies,  the  tyres  and  the  axles  are  of  steel.    The  springs,  fixed  to  the  top  ol 
the  grease-box,  are  attached  to  the  vehicles  by  means  of  inclined  links. 

Belgian  State  Railwa3r8.  —  Two  types  :  l*^  Six-wheeled  carriages ;  distance  between  axles,  1 1  fee 
53/4  inches+ 11  feet  5  3/4  inches  =  22  feet  11  1/2  inches  (3-5  metres  +  3-5  metres  =  7  metres);  2"^ eight- 
wheeled  carriages  on  two  bogies  29  feet  10  inches  (9 '  1  metres)  apart  from  centre  to  centre ;  space  between 
the  axles  of  the  bogie,  7  feet  2  5/8  inches  (2*2  metres).  Wheels  either  with  spokes  or  with  a  solid  body 
of  iron  plate  corrugated.  The  bosses  are  of  iron,  and  the  tyres  of  steel.  The  six-wheeled  carriages 
^▼e ordinary  laminated  springs;  rubber  blocks  are  interposed  between  the  under  frame  and  the  body. 

In  the  bogie  carriages,  the  bodies  are  supported  on  the  bogies  by  means  of  springs  normal  to  the 
longitudinal  axis  of  the  carriage. 

Satch  Railway  Co.  —  Two  types  :  1^^  Six-wheeled  carriages  with  corriiorsat  the  side;  first  and  last 
^>«i«26feet  3  inches  (8  metres)  apart;  2^*^  six-wheeled  carriages  with  first  and  last  axle  22  feet  11  1/2  inches 
C7  i3ietres)  apart. 

.Egyptian  Railways.  —  Two  types  :  i*^  Four-wheeled  carriages  with  axles  10  feet  11  7/S  inches 
35  metres)  apart;  2^^  six- wheeled  carriages  with  axles  of  from  10  feet  -|-  10  feet  ss  20  feet  (3 '05  metres 
3  05  metres  »  6*10  metres)  to  11  feet  5  3/4  inches  -f-  11  feet  5  3/4  inches  =  22  feet  11  1/2  inches 

"  5  metres  4-3*5  metres  =  7  metres)  apart. 

Knudan  State  Railways  (St.  Petersburg  to  Warsaw).  —  There  are  no  special  carriages  for 

trains.  The  carriages  used  on  express  trains  are  six-wheeled ;  distance  between  axles  =  10  feet 
74  inches  -f  10  feet  6  1/4  inclies  =  21  feet  1/2  inch  (3*202  metres  -\-3'202  metres  =  6*404  metres), 
n  wheels  with  spokes;  the  springs  are  hung  in  the  usual  way. 


;)  Method  of  coupling  (draw-gear). 


SUdser  Ferdinands  Nordbahn.  —  Old  stock  :  screw  coupling  with  hook  and  safety-chains  (in 
nee  with  the  technical  conventions  of  the  Association  of  German  Railway  Managements).  New 
doable  screw  couplings,  without  safety  chains. 

Yriyileged  Anatro-Hungarian  State  Railway  Co.  —  All  the  new  locomotives  have  screw  couplings 

-  mi  springs. 

*Tb6  draw-gear  of  the  older  carriages  is  made  with  screw  couplings  after  the  manner  of  the  standard 
^ipliog  of  the  Association,  and  with  two  safety  chains;  on  the  new  carriages,  without  safety-chains,  it 
^nade  by  means  of  a  screw  coupling. 

-Austrian  South  Railway.  —  Screw  couplings  and  safety-chains. 

^French  State  Railwasrs.  —  The  coupling  is  made  by  means  of  a  draw  hook  and  two  safely  chains. 

Trenibh  Southern  Railway.  —  The  coupling  is  made  by  means  of  an  ordinary  coupling  and  two 
Jfety  chains.    The  carriages  are  provided  with  four  spring-buflers. 

Parit-Orleaos  Railway.  —  The  coupling  is  made  by  means  of  a  draw-hook  acting  on  a  draw-spring, 
^^ch  has  an  initial  pressure  of  2*36  tons  (2,400  kilog.). 

French  Western  Railway.  —  The  vehicles  carry  two  spring-buflers  and  are  drawn  by  means 
a  screw  coupling  acting  on  a  draw-spring.     Besides  this  they  are  provided  with  two  safety  chains  at 
end. 


Belgiatt  State  Railways.  —  The  ordinary  coupling  is  made  by  means  of  a  screw  coupling  and  two 
^aiicty  chains.    The  draw-springs  and  buffer  springs  are  laminated. 


^ 


Dntell  Railway  Co.  —  The  couplings  are  made  In  accorduice  with  the  lediDiol  coDlenlions  of  tbe 
Auocialjon  uf  Gorman  Railnay  Managein^als. 


Rniiiaii  State  Railwaya  (St.  Petersburg  to  Warsaw).  —  Ordinar;  k 
longitudinal  aiis  of  tlic  utrriBgcE,  -wilbsofel;  chains  st  each  aids. 


n  eonplingi  pltoad  in  the 


3'"  Annual  ateragc  traffic  on  lines,  classified  according  to  kind  of  (r 
Arerage  actual  speed  in  mileE  (and  kilometres)  per  hour. 


Kaiser  Ferdinands  Hordhshn 


Kllinn. 

30-8  39-8  49-5  64-0 

Spedal aipreBsea S9'S  34-9  4S-0  5fl'S 

Passenger  (ordinarj) 21-8  24-9  34-2  40-1 

Special  passenger  (ordinarj) Jl-g  24-9  34-2  40-1 

Faatgooda I9-2  20-4  30-9  38  9 

Ordinary  gooda 11-2  13'5  181  21-8 

CoaL ,        112  13-5  18  1  21-8 

PriTtteged  Anatro-Hnngaiian  State  Railway  Co. 


MUes.  KUoni. 

Orient-Eiprsss 30  0  SB 

Expresses 28-0  37-9  4MI 

Ordinarj  pMwnger 21-7  88'0  35-45 

Locsl 18-8  21-1  30«i 

Slow  passenger 16-2  » 

Miied ilA  28 

Fflstgoods 124  2«4  20-36 

Ordinarj  goods 12-4  174  20-28 

Anatiian  Sontliern  Railway. 


MilM. 

35'S 
32-9 
24  0 
24'2 
19-6 
11-9 

ie-3 


389 
31 -S 
19-K 
19-8 


HitN  (V.). 

9S-0 


Hilra. 

23-0  34-8  37-50 

Ordinary  passenger 18-0  25-5  29-41 

Mixed 14  3  24-8  23-40 

Fastgoods 9-9  180  16-29 

Ordinarj  goods 87  18-0  H-29 
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Meridional  Railway  Adriatic  System. 
The  average  speeds  are  given  includlDg  stops. 


SPBRD  on  DXFFBRKNT  8BCT10N8. 


Expresses 

Through 

Semi-through 

Ordinary  pASsenger    .     .     . 

Mixed 

Goods  also  carrying  passengers 
Goods 


Miles. 
24-2  40-4 


21 
18 
14 
13 

9" 
6 


1  34-8 
6  28-6 
9  230 
0  18-6 
9  19-3 

2  13-0 


Kilom. 

39-65 
34-56 
30-46 
24-37 
21-30 
16-31 
10-21 


French  State  Railways. 


Expresses  .  .  . 
Ordinary  passenger 
Mixed  .... 
Ugbt  .... 
Goods    .... 


French  Southern  Railway. 


Fast  expresses  (Rapides), 
Ordinary  expresses  .  . 
Ordinary  passenger   .     . 

Mixed 

Goods  


Mbam  (V.). 

Miles.  Kilom. 

40  1  64-5 

29-5  47-5 


15-8 
13-4 
101 


25-4 
21-5 
16-2 


Miles.       Kilometres. 
37-3  600 


29-5 


12-4 


47-5 


20-0 


Paris-Orleans  Railway. 

Fast  expresses  (Rapides) 

Ordinary  expresses,  passenger  and  mixed 31*1  37*3 

Goods 15 


Miles. 

Kilometrts. 

47-8 

77 

42-3 

68 

36-0 

58 

311 

50 

18-6 

30 

AS. 

Kilometres. 

•6 

75 

37-3 

50-60 

•5 

25 

French  Northern  Railway. 

e  average  speed  of  the  trains  reaches  its  highest  point,  54*7  miles  (88  kilometres)  an  hour,  on  the 

on  of  line  between  Greii  and  Amiens,  and  falls  to  40*4  miles  (65  kilometres)  an  hour  between 
ogne  and  Calais. 

French  Western  Railway. 

Miles.  Kilometres. 

Fast  expreues  (Rapides) 43*5  46*6  70-75 

Ordinary  expresses 40*4  43*5  65-70 

Ordinary  passenger 28  0  37*3  45-60 

Mixed 24-8  31*1  40-50 

Bxpren  goods 311  37*3  50-60 

Faatgoods 186  24*8  30-40 

Or^oary^^^s 12*4  18*6  20-30 


DatGh  Railway  Co. 

Bipreteei 

ThroDgb 

Ordinir;  pass«ng«r 

Light 

Egyptian  Railways. 


46'3  j    Including 

36*5  i       slops. 


Expresies £36  37  3  38-60  381  517 

Russian  State  Railways. 

Miles.  KllDiueliu. 

FmImI  •ipressM  and  mail 33 '5  54 

Ordinarj  mail  and  passenger S6-1  42 

Mixed 50-5  33 

Oooda,  miliUrj  and  workmea'a. IS '5  25 

The  annual  nnmber  of  trains  in  each  direction;  for  double  lines,  the  annual  namber  of  traia  = 

runnii^  on  tba  down  line  I  to  Im  given  (from to.  .  .  .)  and  the  namber  of  trains  on  th.^ 

ap  line  II. 

Note.  —  The  Managements  not  having,  for  Ibe  most  part,  furnished  us  with  entirely  sepai  at^- 
■tatements  about  the  traffic  on  the  line  in  both  directions,  we  have  given  here  the  mean  numbi^ 
of  trains  Z  which  have  trs*eited  over;  mile  (kilometre]  of  each  section  (vide  I]  per  rear. 

If  for  a  given  section  of  the  Hue,  and  for  the  different  kinds  of  trains  running  on  it : — 

k  =  The  length  of  the  lino  in  miles  (kilometree]; 

i  =  The  average  number  of  trains  which  have  run  over  the  length  of  line  A; 

V  ^^  The  average  speed, 
we  6nd  for  a  number  of  different  sections  of  the  line  the  mean  : — 


Kaiur  Ferdinands  Kordbahn. 


Expresses 

Special  expresses  .... 
Passenger  (ordinary)  .  .  . 
Special  passenger  (ordinarj)  . 

Fast  goods 

Ordinary  goods 

Coal 


HSO-SIW 

1531  (17-5  "  o) 

11-57 

45  (  0-5  •/,) 

1535.4380 

1807  ffO-6  -/„) 

18-54 

41  (  0'5  -W 

0-H60 

964(11-0'',,) 

1530-19S9 

iti-stia^i'/o) 

0-3289 

Htm  (30-8  -i,) 

17S 


Privileged  Anstro-Hmigarian  State  Railway  Co* 

The  entire  line  (vide  I)  has  been  traversed. 

On  difpkrbnt  sbctions.  Mban  (Z). 

Expresses  .           0-1682  927  (20*4  o/o) 

Ordioarj  passenger 730-4239  1523  (336  o/o) 

Slow  passenger 0-1220  93  (  20  o/o) 

Mixed 0-365  .18  (  04  o/o) 

Goods 8894552  1976  (43  6  %) 

4537  (100  o/«) 

Besides  these,  these  sections  of  line  have  been  partially  traversed  by  the  following  trains : — 

Expresses 0-393  \ 

Ordinary  passenger 0  3184  /       The  mean  cannot 

Slow  passenger 0-1919  f  ^  "^u^^J^^  ^^^ 

Mixed  trains 0-730  \  given. 

Goods  trains 0-6013  / 

Meridional  Railway  Adriatic  System. 

On  difpbrknt  sections.  Mban  (Z). 

Expresses 0-730  139  (  2*5  <>/«) 

Through 730-1460  1044  (19  1  %) 

Special  passenger 2-71  22  (  0*4  o/o) 

Ordinary  and  semi -through  trains 730-4380  1859  (34-1  o/o) 

Mixed 0-2555  755  (13-9  o/o) 

Goods  also  carrying  passengers 0-874  180  (  3'3  <>/o) 

Goods 155-3410  1004  (18-4  o/o) 

Special  goods .           21-1306  451  (  8'3  o/o) 

5454  (100  »/o) 

French  State  Railways.  —  Total  number  of  trains  for  the  different  sections,  2,227  to  16,709. 
*  information  as  to  kinds  of  trains. 

French  Sonthem  Railway.  —  In  1893,  the  section  between  Bordeaux  and  Langon  of  the  Bordeaux- 
tte  line  has  been  traversed  in  each  direction  by  about  7,400  trains. 

Paris-Orleans  Railway.  —  X)n  an  average  each  line  is  annually  traversed  by  10,950  trains. 

French  Western  Railway. 

On  DIPP.iRBNT  SBCTIONS.  MBAN    (Z.). 

Past  expresses  (Rapides) .  730-  43S0  2054  (  6*6  o/o) 

Ordinary  expresses 1825-6935  3581  (11-5  o/o) 

Through 365-  9855  3938  (12-6  *>/o) 

Ordinary  passenger 1460-12045  3982  (12*8  o/o) 

Light 0-8030  3563  (11 -5  o/o) 

Parcel  trains 365-  4380  2258  (  73  «/o) 

Goods 2J90-17520  11756  (37'7  Q/o) 

31132  (100  o/o) 
s£<les  these,  some  pick-up  goods  trains,  of  which  the  number  is  not  given,  have  been  run  over  different 
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Dntoh  RaUiray  Co. 


nroagb    ,      .     .     . 
Onlliur;  plnenger   . 
Light  itopping     . 
Futgoodi.      .     . 


M«S(Z.)- 

3650  (El -75 

'M 

3650  (21-75 

'W 

3650  (21-75 

•/-I 

S190  (1305 

',J 

2555  {15'8 

•/-> 

1095  (  6-5 

•M 

1C790   (100 

"/J 

BgypUtB  Ralliniji. 

18Z-I065 

ThenumberoftnuolDntlissactioDi  with  moat  Irsffioi*,  for  1893,  u  followi  :— 

ExpreHM 

Ordioar;  pataengw  .  ■ 

Miied 

Goods :    : 

Rnstlan  State  Railwi^. 
Numb«r  of  trains  for  tha  year  1S93 1  — 

BiprwMs,  imperial,  special  for  priTale  penona  and  od  G(Wp*n7't  NrriM    . 

BipnUM  and  fast  mail  (raioa 

Ordiaarj  mail  and  patsaag«r 

Ifiied 

Ooods,  mlUlary  and  workmen'! 


4'"  Wear  of  the  line  due  to  the  aeUou  of  the  braku. 

Information  is  lo  be  given  with  regard  to  the  average  length  of  line  that  is  travened  bj  trains 
of  each  sort  with  the  bmke  on,  together  nith  the  average  number  of  wheels  br&ked  and   th« 

weight  on  them. 


French  Sonthern. 

On  lh«  average,  one  stoppage  takes  place  in  the  case  of  :— 

Bipresses everj  31*1  miles  (50  kflonelret). 

Past —    12'4    —     (W        —        ). 

Ordinary  passenger  and  mtied —      3-7     —      (  6        —        ). 

Goods _      5-6    —      (  9        —        ). 

In  order  to  atop  pagsongsr  trains,  it  is  necessary  to  apply  the  brakes  for  about  547  yards  (500  metres) ; 
In  the  ease  of  miiad  and  goods,  about  675  yards  (800  metres)      Eiprese,  faat  and  ordinary  p 
are  furnished  nilh  continuous  brakes;  miied  and  goods  have  (including  tender)  12  wheels  braked. 
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Frtnoh  Western  Railway.  —  The  wear  on  the  rails  at  the  stations  where  all  the  trains  stop  is  on 
an  average  twice,  at  a  maximum  four  or  six  times,  as  great  as  on  the  other  parts  of  the  line,  and  on 
these  other  parts  the  wear  averages  0*295  to  0*345  inch  (0*75  to  0*80  millimetre)  per  100,000  trains. 


III.   —  CONSTRUOTION   QF  THE   PBRMANKNT  WAT. 

1«*  Rails. 

The  following  are  to  be  given  ;— 

The  cross-section  of  the  rail  (flat  bottomed,  symmetrical  and  unsymmetrical  double  headed). 
The  moment  of  inertia I    =  sq.  in.  X  sq.  in.  (I|  =i  sq.  cm.  X  sq.  em.). 

The  moment  of  resistance.     ......    Z  =  —  =  cub.  inch  (W  «=  —  ==  cub.  cent.). 

t/i  h 

Length  of  rails .    .    L  =»  feet  (L  »  metres). 

Depth  of  rails h  =  inches  {h  =  millimetres). 

T — iry^r' 

\L      \r      r '    n    .X.       ^       X    ,      .    (  yi  =  inches  (/|  =  millimetres). 

|A    ^.11 ^i^     Petition  of  neutral  axis  ]  "^        -    u    n  m*     i.     \ 

I     ^JX^^  V^i  (  Vi  =  inches  (/i  =  miUimetres).    . 

Weight  of  rails W  =  lbs  per  yard  (G  =.  kg.  per  metre; 


a    sag    's^n 


s    sssaaga^gas; 


p    psspsssa 


3     SSSSKSeS 


■  s  s     g     p    r^ 


3^£   S9^   s     s   ssssspsisssse    s    r^   s 


3      S  fi  P     P  3  ^ 


!8^z    zSiS    §      £    s=^§^z^zz^§!^     S     B    ^    ^: 


SS  S  It     S  S:  B 


=  scr:ss?|!     P     liSSS^g 


^^  e  ^  s;    B  a  s^  s&n  kns  s  k  9iis  s  s  k  k  ii  n  k  s»  s  ^'s  k    e    s^^^.    e 


?  M  jj  I  5  g     g     E 


SS^S!r:SSS       SEoXti.SS^SHSS      S      S 


SsS^igi     S§^gs^gg§Sg|^    i    igS!i5   2 


.l.s. 


is  Jll^ 


■  I  ■  ■  ■  I 


1  i   -s  -  I     ill 


1^  K  i^l    iilHll  I 
i:-  !«  s  I  I  2 1  i  1 1 1 1  1 1 


I 


§    i 


If  11 

llil 
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Metal :  class  and  prooefss  of  manufactare  (acid  or  basic ;  Martin  steel). 

Tensile  strength.    .    .    .  *.    F  =  ions  per  sq.  in.  (—  kg.  per  sq.  cm.) 
Contraction  of  aren     •    ...    C  =  per  jceni. 
Elongation D  <=  per  cent. 

Kaiser  Ferdioands  Nordbahn. 

P.  .  .  34  9  42-5  (5,500  6,700)  j                        ,. 

Martin  basic  steel  ,  {  C.  .  .  20-5  53-3                       >  ,           according 

^  .^  -.  «rv  i  to  manufacturers  tests. 

D.  .  .  14*5  23                          1 

Privileged  Austro-Himgarian  State  Railway  Ck). 

,    ,  '     *l  ^    • 34-9(5,500) 

Bessemer  steel {  ^y  15 

Aastrian  Southern  Railway. 

^    ,.     ^,  i'F' ;     .     .     .     .     4-19(6,600) 

Martm  steel j  j^  ..^ 

.Gothard  Railway. 

„    .    .    ,       :       ..             \       l'F(«Terage)     ./.....    41-3(6,500) 
Basic  steel  pro4uc^  in  converter,  |d  (average) 20 


*  9 


Meridional  Railway.  Adriatic  System. 

I  .F  (average)     .......     35-6  (5,600) 

Acid  Bessemer  or  Martin  steel.  |  j^  (average) 20 


%  i 


Italian  l(edi^rran,ean  System.. 

Acid  Bessemer  or  Martin  steel  iF 34*9  38*1(5,500-6,000) 

also  iron.  \  D  (above) .....     18 

Sicilian  Railway. 

Only  steel  manufactured  by  the  Bessemer  or  Martin  process. 

French  State  Railways. 

^.^  IF 44*5  50*8  (7,000-8,000) 

Basic  Bessemer j  D  (about) 8 

...^  S  F 47-6^500) 

Acid  Bessemer j  jx  .< 

Paris,  Lyons  and  Mediterranean  Railway. 

^    ..     ,    ,  (  P  (average) .     44*5(7.000) 

Martin  steel |  ^  12     • 

French  Southern  Railway. 

Hard  steel  produced  by  the  acid  \  F     .     .     495  62*2  (7,800-9,800)  ),      , 

,^ 1   w  -*•  \  T\  A  iK  i  Manufacturer  s  tests 

Bessemeror  Martin  process.      /  D     .     .     4-15  ) 

Paris- Orleans  Railway. 

.  . .  „  .    ,  )  F 44*5  50-8  (7,000-8,000) 

Acid  Bessemer  steel  ••••}£>  15-10 
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French  Northoni  Railway. 

IF 45-4a»i50) 


Bessemer  or  Martin  steel      .     .   i  t\  jc  ^a 

(  D 15*40 


French  Western  Railway. 

Bessemer  or  Martin  Steel  acid  (  F,  at  least  44*5  (7,000) 

and  basic.  j  D,  at  least  8  for  a  length  of  3*94  inches  (10  cm.). 

Belgian  State  Railways. 

Steel ;  class  not  specified,  but  it  must  (  F at  least  38*1  (6,000) 

satisfy  these  conditions  : —  ?  D  •••...     at  least  13 


Bessemer  steel 


Dntch  Railway  Go. 

P    .     .     .     ,    w 39-4(6,200) 


J  F    .     .     .     , 

Id.... 


19-5 


Egyptian  Railways. 

iP 39*4(6,200) 

C... 37 

D 25 

Iron. 


•  •  •  •  •  •  •  •  •■• 


(  P 42*5-47  (6,700-7,400) 

Bessamer  steel \C 23 

f  D 14 

IF 44-5-45-7  (7.000-7,200) 

Bessemer  steel j  C 14 

f  D 11 

There  is  no  intention  of  substituting  Martin  or  Thomas  steel  for  the  Bessemer. 


2"^  Sleepers, 

The  material  should  be  named. 

(In  the  case  of  iron  or  steel  sleepei^s  the  tensile  strength  F  and  the  elongation 
be  given.) 

The  cross  section. 

Weight  per  sleeper  ...,...,  lo  ■»  pounds  (^  ■>■  kilograms). 

Width  of  under  surface A  «»  inches  (b  -»  centimetres). 

Thickness  . h  =  inches  {h  =  centimetres). 

Length /  ==  feet  (I  =  metres). 

Moment  of  inertia Ii  =  sq.  in.  X  sq.  in.  (I*  ■»  sq.  cm 

Moment  of  resistance ^i  =  — ;  =  cub.  in.  (W*  ==»  ts  ■" 

, «,_  ,  f 

inches  (Zi'  «=  centimetres). 

inches  (Z,'  =  centimetres). 


T. «-.i..{y    Position  of  neutral  J    y/ =  ii 

— ts L.,t./i        axis    .     .     .     .  I    yj  zs  \] 


U.-/,- 
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Kaitar  Ferdinands  Nordbahn. 


Oak  treated  with  chloride  of  zinc. 

16-* 


Old  section 9- 


/V\ 


u?(p).         fr.         h.  I. 

226-8    12-20    6-30     7-87 


%— J/-'-  (102-9)    {31)     (16)     (2-4) 


Ii.       Zi(Wi).  yi'(/i').y,'(/,';. 
193-00    55-10     3-51     2-79 
(8034)     (903)     (8-9)    (7-1) 


u_/^ 


New  section 


•  • 


284-4    10-23    6-30 
(129-0)     (26)      (16) 


8-86     184-30    55-22    3  33     2-97 
(2-7)    (7672)      (905)    (8*47)  (7-53) 


Privileged  Aostro-^Sangarian  State  Railway  Go. 


Oak. 


w{g].  b.  h.  I,  Ix.  Zi(Wi).    yx'l'i').   Vi' W) 

176-4  about    11-81     5-91     8-20     14742      4673      315      276 
(80)  (30)      (15)     (2-5)     (6125)       (766)       (8)         (7) 


Anetrian  Southern  Railway. 

Oak,  larch,  and  beech .     The  two  latter  are  impregnated  with  sulphate  of  copper  or  chloride  of  zinc . 
Intermediary  ileepers  :— 


t2i 


Oak  .  . 
Larch  . 
Beech  . 


•   •   • 


Sleeper*  at  llsh-jolnts  : — 


Oak  .  . 
Larch  . 
Beech  . 


•      •      • 


wig). 
147-7-180-8 

(67-82) 
108-0.160-9 

(49-73) 
143-3-160-9 

(65-73) 

178-6-220-5 
(81-100) 

132-3-198-4 
(60-90) 

169-7-198-4 
(77-90) 


b. 


I. 


Ii.  Zi(Wi).    vi'ih'),  y,'(i,'). 


10-28    6-30    7-87    158-27      4375      351      2-79 
(26)      (16)    (2-4)     (6380)       (liT)     (8*9)      (7-1) 


11-81    6-30    7-87    195-53      5711      343      2*87 
(30)      (16)     (2-4)     (8140)       (936)      (8-7)      (7-3) 


Gothard  Railway. 


Soft,  basic  metal. 


P  =  28-21  (4450) 
D  =,27 


Average. 


Standard  sdbtion 


« 
^s 


^.2Tf^.^ 


w  ig).        b.  h.  l.         Ii.      Zi  (Wi).  yj'  (/i').  y,»  (/,'). 

147-2     8-62     3-35     820    5-50     242      108      2-27 
(66-8)    (21-9)    (8-5)    (2-5)    (229)   (39-7)  (2-733)  (5-767) 


Deeptaeiion 


Ar 


Y$»6 


147-2     3-78     5-35     8-20    1477     i-81      228      3-07 
(66-8)     (9-6)    (13-6)   (2-5)   (615)    (78-8)    (5-8)      (7-8) 


"l 


[=]'/ 


Meridional  Railwajr-  Adrietic  System. 

-"       i'^ii-      !>•       *-       1-         ii.  Ziiwii.  v'l^'l^-  y'lCi'. 

'*         176-3      9  45      5'51      8-33       I3l'S4  il'H  8-"6  2-75 

(BO)        {iA}       (H)      (8-6)      (5<SS)       ns<)         (1)  f^) 

Italian  Hedilarranean  System. 

I>.            h.            I.              I,.  Z,|W,l  vi'  (I,",  K-'lVi. 

9<3      5-51      3-53      131-84  41-84        876  £-73 

(24)       (14}       (2-6)      (S48S)       OSi)         (7)  (D 


"-W-  6.  I:  I.  Ii.  ZilWil.    Vi'Wi'}.     Vi'lVt 

Not  given.      9-05      5-IE    8'53     iOt'16      39-54      S-56      S-56 
(23)       (13)     (2'6)     (4S11)       (648)      (6-5)      (6-5) 


French  State  Railways. 


(4500)     ) 


1*1  Soft  milit  Blael  elcejiera D  =  20  *'  '*"'' 

/     "  V    fl             127  8         9  46         3-16  8-K>         4  04         183         0  96  2-19 

?-2*M-r'  (58)        (24-05)        (8)  (S-5)        (168)         (30)       (S-44T)     (5-563) 

2'"i  Onk   .      .         I 1'*         Nolgivon.     8  66  5-51  8  53.8-86  120-83      43-81       2-76  2-75 

+-"-*■  *"                            (22)  (14)  (2-6-2-7)   (5030)      (718)       (1)  (7) 

Do.          906  5-91  8-53  886  155-40     52-66      295  8-96 

(23)  (15)  (2-6-a-7)    (6469)      (863)      (7-5)  (7-5) 

^'    ^"  ''                        Do.         10-63  5-91  853-8  86  156-3!      4979     3-14  2-76 

•r'^f,      '"-"i                                       (27)  (15)    (S-6-2-7)    (6508)       (816)      (7-91)  (7-03) 


10-24  5-91  8'53-8-86  15000  4765  3-15  876 

(26)  (15)    {8-6-2-7)  (6245)  (781)  (8)  (7) 

12-20  6-10  8'53-8-86  15218  4344  3-50  8-60 

(31)  (15-5)  (8-6-a-7)  (6335)  (712)  (8-9J  (6-6) 


Paris,  tyons  and  Mediterranean  Railway. 


U^ 


ft.      «.       '.       ii-        Ziiwi'.   yl•^t,^  »,(/,■). 

7-87    5-91    8-53     13^-12       45-77       895      2-96 
(20)     (15)     (2-6)     (5685)       (750)       (7-5)      (7-5) 
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Froncb  SoathBrn  Railway. 


Sectiooa  of  oak  Bl«eper> 


Sectiooi  of  fir  ilMp«r9  . 


For  lbs  STsngA  sleeper  :• 


cfa  1^  [SE]' 

'"'«"  m^'i       "'1",      ;'"■'; 

Mi\  E3  ^    (^  £5^, 


4'72      8'53     \                                            ( 
to           to      J                                            \ 
518      8-86    I       i(n-50          43-69 

8-36 
I       8-56 

8-36 
to 

2  56 

1  '«■'  ? 

1    «         M 

(12)       (S'6)    /       (4475)           ni6)         * 
to          lo     \                                       1 
((3)      (M)    J                                       1 

Paiii-Orleana  Railwaj. 

1          (6) 
'           to 

(6-5) 

(6) 
lo 

(6-5) 

«i[s).            b.          h.          I.           I,. 

Z.CW,). 

y'lC'.).  »;ii'^ 

1^ 

Not  given.    8-66    5-91    8-86    148-65 

50-34 

2-K      E-96 

(88)    (15)    {8-T)    (6188) 

(885) 

07-5)      (7-5) 

Pronoh  Horthern  Railway. 

ft. 

I        10-84 

6-18 

(13) 

8-53 

1          (2S) 

(E-6) 

French  Wartern  Railway. 

1*>  Wooden  ileepen;  oak  Bad  beech.  Onk  steepers  from  heart  nolcreosoted;  IhoM  with  up  wood  ate 
crvoaoM,  ■>  are  all  beech  sleepera. 

».  h.  I.  I,.         Z,(Wi),    y'i(i',l.  >',[rj. 

BecUDgular  from  hear.,  m     Utl      '^'^      ^"^'      ^^      *^°'^^      '^''^      ^■■'''      *™ 
•^  I_1L_|       E^i       02)      (»)      (81)      (5030)      (lif)      (10)     (1-0) 


■tBi! 


10-83      fi-18      R-86      104-94      39-78      8-48      8-64 
(26)       (13)      (87)       (4368)       (658)      (6-3)      (6  7) 


\-it\     l''8l      5'12      8-86       »81      3649      8-61      8-6t 

"  "■  (30)      (13)     {2*7)      (3968)      (688)     (6-31)    (6-63) 


S''  H«talBlMpen;i 


e  it(19,  5,000  steepen  hove  beeu  cu  trial. 


^i"  f  ,     I  Wilhout  choirs. 

iiM.3  I-         (  -Witt  !  CMt  cliflir: 


'    1-m    3-15    8S0    *  00      1-74      O-fB 

'    (20  3)     (8)      (g'S)  (i66'6)    (88-5)   (J-W)     (5-8^  *^J 


Wood,  of  i(alf  round  MCtion; 


|.-»  -j 


(  Belgian  oak 
f  Foreign  oeli 


Belgian  State  Railways- 
italn  number  are  partiall;  Hatlened  at  Uie  top  tUT&oa. 

\   tS7'4  about 

11-0!    5-51     8'53     103  92      32-58      319      232 
(2S)      (14)    (2-6)     (43«1)      (534)      (S'l)     (5-9) 


Dutcb  Railway  Co. 
1»  Metal  sleepen,  aoA  mild  iteet  ;  F  =  304  (1,800) 


Intermedisrj  sleepers   , 

Sleepen  at  Gnh  Joint.     . 

t**  VoOnleu  aleepen ;  oak  sod  red  Hr. 


Oak. 


r-if—i  (    Red  Br. 


178-4 


S6-0 
(39) 
105-8 


Ki(Wt).  »',[<■,),  i,st'a- 


10!3    5-91    8-53    175-65      5949     2-95      2-95 

(26)      (15)    (2-6)     (7312)       (976)      fI-5)     O'S} 


Egyptian  Railways. 
1»  Wooden  sleepers  for  flat-bottomed  rails ;  Balkioaud  Turkitb  Ar.     Turkiah  andAtutriaa  oak. 
Intermediar;  sleepers. 

w(i/|.         b.  h.         I.  h.        z,iw,i.    »'ai'J.  »',(i'J. 

,         i"^'*'       137-3       1000      5-00      8-92       10416      41-68      860      i-50 

Baltic  fir  creosoted  .      j  „;^    j      (e2-3)      (254)     (12  7)    (2-72)      (4336)        (683)      (6-S5)   (8-S5) 
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180-8 
(32) 


9  84   5  91   8-53   168-90   5717   8-95   8-95 

(25)   (15)   (2-6)   (7031)   (937)   (7-6)  (7-5) 


9-45   5-51   8  53   131-83   47-84   8-W  t-T6 
(24)   (14)   <2-a)   (5488)   (784)  (l-(fi     (I'O) 


2^  Cagt-iroapotsleepenlbrdoublc-headedraila.  —  DiaiiMter,  82-05  incbea  (0-56  metre).    W«0t, 
114-6lbe(52kilog.)eaeh. 


3^  Steel  cross  sleepers.  Up  to  t^e  present  time  none  of  these  have  heen  lined.  In  1893  some  steel 
sleepers  were  ordered  for  a  piece  of  line  3*7  miles  (6  kilometres)  long  from  Boyenral,  Ponsard  d  C^,  of 
Paris.  These  are  to  be  8  feet  (2 * 45  metres)  long,  and  are  to  weigh  167 '5  to  169*7  lbs  (76  to  77  kilog.) 
each.  The  steel  is  to  have  a  tensile  strength  of  28*57  to  31  '75  tons  per  sq.  inch  (45  to  50  kilog.  per  sq. 
aaoillimetres),  with  a  maximum  elongation  of  22  <>/o  on  a  length  of  7 '87  inches  (200  millimetres).  The 
limit  of  elasticity  to  be  between  15 '24  and  19*05  tons  per  sq.  inch  (24  and  30  kilog.  per  sq.  millimetre). 
rX*hes«  sleepers  have  not  yet  been  delivered. 


Rnssian  State  Railways  (St  Petersburg  to  Warsaw). 


Fir: 


Tjpeli.                   ^^.9^              wig).              b.          h.            L  Ii.  Zi(Wi).  p'liVi).  v'i(«'a). 

/TTx  Not  given.     811     701     875  24080  6767  3'66      343 
Sleepers  at  fish         I  ^^,       \ 

J^int.                 (    j..}                        (20-6)  (17-8)  (2'667)  (10023)  (1109)  (9-04)  (8'72) 


Type  12. 

atermediai  _ 

sleepers.  r^F 


Notgiven.     701     701     8*75     21560      6022      3*58      341 
Intermediary  (  ^j'^  )  (17'8)     (17-8)  (2 -667)   (8974)       (987)      (909)   (8'67) 


Note,  —  On  the  St.  Petersburg-Gatchina  section,  which  is  27*84  miles  (44 '8  kilometres)  long,  all  the 
sleepers  are  of  type  n^  11 ;  on  the  rest  of  the  line,  the  sleepers  next  the  suspended  fish  joints  are  of  type 
^^o.  11,  and  the  inteirmediary  sleepers  are  of  type  No.  12. 


3^^  Attachment  of  rails  to  sleepers. 

It  thoald  be  stated  whether  the  rails  are  fixed  directly  to  the  sleepers,  or  bj  means  of  chairs, 
<:2ha]r-plate8,  bed  or  foandation  plates,  wedges,  etc.;  also  how  the  rail  is  fixed  to  the  sleeper  or  to 
"Uie  intemiediary  piece  (dog-spikes,  screw-spikes,  dips,  etc.)  and  how.  in  the  latter  case,  the 
intermediary  piece  (chairs,  plates,  etc.),  is  fixed  to  the  sleeper  (spikes,  screw-spikes,  screws, 
treenails,  boltv,  etc.); 

Kaiser  Ferdinands  Nordbahn.  —  Bed  plates  are  interposed  between  the  rail  and  the  sleeper. 

^ince  1893,  wedge  shaped  plates  are  used.    The  rails  are  fixed  to  the  sleeper  by  two  dog-spikes  on  the 

^mtride,  and  a  eerew-spike  on  the  inside.    Since  1893,  chair-plates  have  been  used  which  are  fixed  to  the 

sleepers  by  four  dog-spikes,  the  sleepers  in  this  case  not  being  adsed.    A  wedge  is  interposed  between 

tte  rail  and  the  sleeper,  and  the  rail  iB  fixed  to  the  chair-plate  by  means  of  two  bolts  and  nuts  and  dips. 

The  use  of  these  chair-plates  is  limited  to  the  two  or  four  sleepers  adjoining  the  fish-joint. 

PrMlaged  Anstro-Hnngarian  State  Railway  Go.  —  Bed  plates  are  invariably  interposed  between 
the  rails  and  the  sleepers ;  one  screw-spike  is  used  on  the  inside,  and  one  or  two  dog-spikes  on  the  outside. 
The  paddng^plitas  are  not  fixed  directly  to  the  sleeper. 

Anstrian  Southern  Railway.  —  The  rail  rests  directly  on  the  sleeper  in  some  cases,  in  others  on 
iMd-pletes.    The  rail  and  the  bed-plate  are  fixed  to  tlie  sleeper  by  means  of  dog-spikes. 

Aothard  Railway.  —  The  rails  rest  directly  on  the  metal  sleepers  (without  plates),  and  they  are. 
fixed  by  means  of  two  bolts  and  clips. 
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Meridional  Railway  Adriatic  System.  —  The  rail  resU  on  the  oleeper  wilh  un  iron  lied-j.laie 
inlerjKiaed,  and  is  lieiti  by  means  of  dcf-spikes  (two  i«r  bBd-jilate). 

Italian  Mediterranean  System,  —  As  .i  rule,  Ibe  rails  rssl  on  a  bed-i'lale.  Bails  nnd  bod-|iInieE  arc 
filed  to  the  sleepers  by  menni  of  dog-spikes. 

Bails  oflhe  present  normal  type  39' 4  feel  (12  melresjlong  are  hold  by  means  of  BcrBw-sjiikea;  tlierean 
two  per  bed-plate. 

In  type  V*,  however,  rails  secljon  A  and  19*7  and  29  5  feet  (d  and  9  metres)  long,  tbe  bsd-plaleoi 
the  sleepers  neil  the  flsh-joint  has  lliree  holes,  and  Ihree  faatsniiigti  are  used. 

Ill  lype  I,  rails  sectioa  A  atid  39~4  feet  (I!  metres]  long,  double  tie-plates  ir«  used  at  Ibe  fisb-joji 
which  firmly  unite  the  Ivo  sleepers  between  nbich  they  are  placed,  and  are  Sied  to  Ihem  by  means  of  sii 
screw-spikes. 

Sicilian  Railvay.  —  The  rail  rests  on  the  Rdsed  sleeiJer  with  an  ordinary  bed-plale  interposed— 
Rail  and  bed-plnle  are  Hied  to  tbe'  sleeper  by  means  of  two  dog-spilcea, 

French  State  Railways.  —  I.  Bidl-hcaded  miU  of  SO-6  Ibi  per  yard  (iO  kilogramg  par  nulrry- 
—  The  rails  are  secured  in  Ih©  chairs  by  oak  or  Bt«el  keys;  lbs  chairs  reKt  directly  on  the  sleepers  (oak^ 
pine,  or  steel). 

The  chairs  are  (iied  :  1"  to  wooden  sleepers  by  three  screw-spikes,  In  Uie  ca!«  of  two  of  tbeae  scren  — 
spikes,  conical  wooden  bushes  are  interposed  between  the  screw -spike  and  the  holes  ia  llie  chair  to  pre«eni 
their  becoming  oval  \    2"-'  to  steel  sleepers  by  two  bolts. 

II.  Sj/ininclrluaC  doiible-keaikd  raita   uf  1&'6  Ibi  ptT  i/urd  (^S  Milogrami  per  meli 
method  n{  attachment  is  the  same,  with  the  exception  that  the  chairs  are  fixed  t«  the  sleepers  with  only 
two  screw-spikes. 

III.  Double-headed  railt  of  the  •  CharenUi  -  type  of  70'6  Ibi  per  yo»^  f^S  kilagrami  per' 
metre).  —  Secured  as  in  case  II. 

IV.  Flat-bottmned  raiU  of  70-6  lbs  per  yard  ["35  kllograma  per  metre).  ~  Tbe  rsill  res» 
directly  on  tbe  sleepeis  and  are  fixed  with  two  galxBoised  steel  ecrewsptkes, 

Paris-Lyons- Mediterranean  Railway.  —  The  Rat-bottomed  rail  39' 4  feet  (IE  metres)  long  is  sup- 
ported on  f8  sleepers  by  bed-platca,  each  fixed  by  four  screw-spikes. 

See  note  of  M.  Jules  Michel,  -  On  tbe  attacbmeat  of  rails  to  wooden  sleepers.  The  question  ol  screw- 
spikes  •  (June  If93  number  of  tbe  Revut  gtnerale  det  chemini  de  fer),  and  •  On  tlie  stability  of  rul- 
roads.  Eiperiments  on  the  resistance  of  difierent  parts  of  the  road  to  vertical  forces  -  (Uay  1885  number 
of  the  RetHc  gintrale). 

French  Southern  Railway.  —  The  rails  rest  on  cast  iron  chairs  secured  to  tbe  sleepera  by  screw- 
spikes.     Tbo  rails  arc  held  in  the  chairs  by  oak  keys,  or  hj  steel  keys  Ol  Ibe  -  Dotid  -  pattern. 

Paris-OrleailB  Railway.  —  The   rails  rest  on  cant  iron  choirs  secured  to  Ibe  sleepers  by  three 

French  Northern  Railway.  —  Tha  rails  bear  dire<'tl>  on  tbe  sleepers  which  are  udied  to  receive 
tbem.  A  l.iyer  of  t,irred  felt  02  in ,  (-')  niillimelresj  thick  is  interjosed  between  tlie  melal  nnd  the  wood. 
Tbe  rail  is  Itted  lu  each  !>lecper  by  means  of  three  screw-spikes.  Alternate  keepers  have  two  screw -spikei 
outside  and  one  inside,  and  one  outside  and  two  inside. 

French  Western  Railway.  —  Tbe  dooblo-beaded  rails  are  keyed  into  the  cast-iron  chairs,  which 
aie  Hied  to  the  sleepers  by  means  of  screw -spikes. 

The  same  plan  is  adopted  for  lines  taking  n  heavy  Iratfic  that  are  laid  with  Vignoles  rails.  On  Vignoles 
roads  leas  heavily  worked  the  rails  are  fixed  directly  to  the  sleepers  bj  means  of  screw-spihes,  and  chairs 
are  only  used  on  sharp  curves  (see  p.nr.  No,  4  infra). 

Ill  the  newer  metlioda  of  laying  liiese  dificreiil  syslcms  hardened  cast  slrel  key^  arc  used,  which  have 
the  advantage  of  maintaining  a  constant  pressure  independent  of  the  temperature,  and  of  the  alat«  of 
moisture  oS  the  atmosphere. 


^     J 


,-  A 


In  the  case  of  metal  sleepers,  the  chairs  arc  cast  on  having  a  lug  on  each  side  which  holds  (he  sleeper  as 
^he  casting  contracts;  in  addition  to  which  the  chair  is  secured  by  the  cast  iron  tilling  up  holes  of 
0'98  inch  (25  millimetres)  diameter  drilled  in  the  sleeper. 

Belgian  State  Railways.  —  The  rail  rests  on  the  sleeper  by  means  of  bed-plates.  The  rail  is  fixed 
^o  the  sleeper  by  means  of  screw-spikea  which  pass  through  the  bed-plate. 

There  are  no  bed-plates  ou  the  sleepers  next  to  tlie  fish-joint  (suspended  joints). 

Dutch  Railway  Go.  —  «)  Metal  sleepers,  —  The  bent  sleepers  receive  the  rail  directly.  They  are 
^xed  by  means  of  hooks  {crapauds)  (Vautherin  system),  there  are  two  of  these  on  the  inside  and  one  on 
X2ie  outside;  the  two  former  are  fixed  with  steel  keys.  On  the  straight  sleepers,  the  rails  rest  on  packing- 
plates  which  give  the  rail  the  desired  inclination.     They  are  fixed  by  bolts  and  clips. 

b)   Wooden  sleepers.  — The  rail  rests  directly  on  the  sleeper,  and  is  fixed  with  dog-spikes. 

Egyptian  Railways*  —  Of  the  321  -87  miles  (518  kilometres)  laid  with  Vignoles  rails  up  to  the  end 
of  18iJ3,  there  are  29*82  mi'es  (48  kilometres)  which  are  provided  with  bed-plates.  On  the  other 
^D2*i  miles  (470  kilometres),  the  rail  rests  directly  on  the  sleepers  (Turkish  oak  or  fir)  Bed-plates  were 
i  ntroduced  in  1893,  and  for  the  future  they  will  be  used  on  all  new  lines  and  for  renewals. 

The  Vignoles  rails  are  fixed  to  the  sleepers  by  means  of  two  screw-spikes. 

Where  Baltic  fir  sleepers  are  employed,  two  and  three  screws-pikes  are  used  alternately,  except  that 
Ujree  are  used  on  the  sleepers  next  the  fish-joints. 

The  double-headed  rails  are  fixed  to  the  cast-iron  pot-sleepers  by  means  of  wooden  or  spiral  iron  keys, 
CiDd  between  each  pair  of  pot-sleepers  there  is  a  tie-rod  which  is  held  by  spring  keys. 

Russian  State  Railways  (St.  Petersburg  to  Warsaw).  —  On  the  whole  extent  of  the  principal 

double  line  between  St.  Petersburg  and  Gatchina,  27 '84  miles  (44*8  kilometres),  the  rails  rest  on  the 
s%  i^epers  by  means  of  bed-plates,  and  the  rail  is  fixed  to  each  sleeper  by  four  dog-spikes.  On  the  rast  of  the 
^  ft.  Petersburg  and  Warsaw  line,  particularly  between  the  stations  of  Gatchina  and  Warsaw,  and  on  the 
IL^zmdvarovo  and  Wergebolowo  section,  the  rails  are  placed  directly  ou  the  intermediary  sleepers,  and 
^cscured  by  two  dog-spikes  5 '90  inches  (150  millimetres)  long. 

Bed-  plates  are  used  on  the  sleepers  next  the  f*.sh  joints,  and  the  rails  are  then  fixed  with  four  dog-spikes 
5  *  90  inches  (150  millimetres)  long. 


4^.  Methods  of  attachment  in  special  cases,  particularly  on  curves. 

Psrtieolar  arrangements,  if  any,  to  which  recourse  is  had  to  increase  the  resistance  to  the 
^ral  itretses  (such  as  additional  parts,  head  supports,  etc.]  ^ve  to  be  specially  mentioned. 


Meridional  Railway.  Adriatic  System,  —  No  special  arrangements  are  provided  at  curves  of  large 

^ios  on  lines  traversed  by  trains  running  at  a  higher  speed  than  31  '07  miles  (50  kilometres)  per  hour. 

Itbe  line  from  Bologna  to  Pistoia,  which  has  heavy  gradients  and  sharp  curves  and  which  is  traversed 

^"^  trains  running  at  24*85  miles  (40  kilometres)  per  hour,  drawn  by  very  heavy  locomotives,  blocks  of 

^^ood  are  used  to  counteract  the  lateral  displacement  of  the  road.     These  blocks  bear  at  one  end  against 

^^«  rail  or  the  end  of  the  sleeper,  and  at  the  other  end  against  a  wall  built  at  the  side  of  the  line.     Stakes 

^^wood  are  also  used,  which  are  driven  into  the  subsoil,  and  against  which  the  ends  of  the  sleepers  press 

^H  the  outer  edge  of  the  curve. 

French  State  Railways.  —  When  double-headed  rails  rest  on  longitudinal  sleepers  (bridges, 
pits,  etc.),  they  are  fixed  with  special  chairs  having  four  holes.  No  special  method  is  used  for  curves. 
On  certnin  lines,  however,  metal  keys  are  preferred  to  wooden  ones  for  use  on  curves. 
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Paris,  Lyons  and  Hedilerranean  Railway.  —  Tiie  curves  imve  a  radius  oi'  net  lesa  ihan 
S4  -85  chains  (500  mBlres).  and  no  special  meoanrea  are  taken . 

Francb  Sautharn  Railway.  —  Up  to  (lie  present,  no  spsfial  measures  Iiave  bceu  taken  for  Hiing  tlia 
chairs  to  the  eleeperx.  At  ciirrea  ofjiniall  radius  s  ]>atterii  of  chair,  with  a  large  bue  with  three  bolee 
for  Ecrew-spikef.  is  now  beiug  tried  witli  a  view  to  preveuCiug  lateral  UispUiceinciit  of  Ihe  mil. 

Freuch  Northarn  Railway.  —  On  curves  of  small  radiuB,  Barburot  ke;9  ar«  being  used  to  increase 
the  reaistance  to  canting  of  the  outer  rail . 

French  Western  Railway.  —  On  liuea  laid  with  cluire.  no  gpeeial  incpiod  is  employed.  Whra 
Viguoles  mils  are  attached  directljlolho  sleepers,  the  line  is  atrenglboned  inlho  cose  of  alinrp  corves,  ut 
24'S5d]ains  (.'iUl)  metres)  radiua  or  less,  by  using  chairs  on  the  fourth  and  seventh  sleeper  la  eacL  lengtli 

Belgian  Sla*0  Railways.  —  The  lines  laid  with  rails  weighicg  ll4-GIlw(BSl£ilograma)  behava 
verj'  well  wiieu  Ibeir  resistance  to  canting  is  Co ueidered.     (The  roils  are  biiJ  without  suf  judioalion.) 

Dntch  Railway  Co.  —  Witli  iron  sleepers  no  special  steps  are  takeu  to  tupporl  the  head  of  the  rail. 
On  roads  nilh  wooden  aieepera,  where  the  curves  are  slieqi,  woodeu  struts  or  supports  are  sometimea 

Egyptian  Railways.  —  On  curves  of  more  Ihun  24-85  cliaina  (500  metres)  radius  it  is  not  ROnerallj 
considered  necessary  to  take  special  measures  for  strengthen ii>g  the  line.  On  two  curvw  of  Hbich  ILe 
radius  is  onl;  19' SScliaius  (400  meye«),  additional  screw-spikes  are  used  because  tlie  line  bad  spread  frvm 
4  feat8'45  inches  to  4  feet  ll'StI  inches  (1  '434  lo  1-445  metre). 

In  the  auperetnjcture  on  pot-fleepers,  all  the  pot-sleepers  on  curves  are  provided  wifh  tie-rods.  For  the 
last  ten  jears,  all  the  ijot-rloepcra  in  use  have  been  provided  with  lie-rods. 

No  other  special  methods  are  employed. 

RnasJan  State  Railways  (St.  Fetersbarg  to  Warsaw;.  —  On  turves  orZ7-5  diaius  [553' 4  metRaJ 
radius  and  less,  additional  Epjkcs  are  used  on  some  intermediary  Eleep«ri. 


Method  of  fastening  flat  fish-plates,  aagular  fisb-plstes,  and  bridge  fiEh-plates. 
Number  and  diameter  in  inches  (millimetres)  of  the  fish-plate  bolts. 
Holes  in  fish-plates,  whether  punched  or  drilled. 
Metal  of  the  fish-plates  : — 

Weight W    =  pounds  (G  —  kilograms). 

Leugth (       =  inches  [I  ^  millimetres). 

Moment  of  inertia It     =^  sq.  in,  x  sq.  in.  (Ij  =  sq.  cm,  X  «).  cm.) 

Moment  of  rcsistancu ^t     =  — ;;  =  eub.  in.  (W|  =  y^  =  cub.  cm.) 


d: 


(w.  -  ^  - " 


I  ^,      „    .  .        ,  .      .    I    Vi"  =  inches  lit"  =  milliroetrw). 

i.  _    PoBiiion  of  neutral  aiis  ' 


=  inches  {W  =  milliraetret). 


Tensile  stieogth F     =  (ous  per  sq.  iu.  [^  z^  kg.  per  sq.  cm.). 

Reduction  of  area C  per  cent. 

Elongation D  per  cent. 
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Kaiser  Ferdinands  Nordbahn.  —  The  outside  fish-plate  has  two  flanges;  the  inside  one,  only  one. 
The  fish-holls  are  four  in  number  and  0*87  inch  (22  xniiiimetres)  in  diameter.    Since  1894,  the  bolt 
holes  are  drilled.    The  fish-plates  are  of  mild  steel. 

W(G).  /.  la.  Zj(Wj).      yifHlifl).      y^Hil^H), 

(     1918        21-77         5-59  275  204  187 

outside  flsn-plate     .     .     j      ^^.^^         ^^^^^        ^^^^.^       ^^^.^^        ^^^.^^       ^^^.^^ 

i     i5-87        19-68         3-45  156  222  1-45 

inside  one     .     .     .     .      j      ^^.^^  ^^^        ^^^^.^^        ^^^.^^        ^^^.^^        ^^^.^^ 


F 26-22  to  37-46  (4130  to  5900) 

C 27.7  to  57*5  \   According  to  manufacturer's  tests. 


! 

D 18-5  to  28-0  ) 


Note.  —  In  the  attachment  made  with  chairs  and  packing-plates  fish-plates  with  six  bolts  are  also 
used.  Their  length  is  28-74  inches  (730  millimetres).  The  outside  fish-plate  weighs  27*28  lbs 
(12*4  kilograms);  the  inside  one,  23 '32  lbs  (10  6  kilograms). 

PrlTileged  Anstro-Hungarian  State  Railway  Co.  —  The  outside  fish-plate  has  two  flanges,  the 

inside  fish-plate  one.    There  are  four  bolts,  and  their  diameter  is  0*748  inch  (19  millimetres).    The  fish- 
plates are  of  wrought  iron. 

W(G).  /.  h.  ZstWa).       Viffihtt],      y^niyi). 

Outside 24-25  2323           677  309  2-18  196 

(11-0)  (590)  (281-94)  (50*7)  (55*6)  (49  9) 

Inside 15*87  1850           3-08  1*51  2*04  1*39 

(7-2)  (470)  (128*14)  (24-7)  (51-9)  (35*5) 

Aastrian  Sonthem  Railway.  ~  The  outside  fish-plate  has  two  flanges ;  the  inside  one  is  flat.  Four 
bolts ;  diameter  0*866  inch  (22  millimetres).     Fish-plates  of  soft  Bessemer  steel. 

W(G).  /.  I,.  Za(Wa).        vi"(ii").       Va"l/i";. 

J  20-76  23-23  5*81  2*69  2*16  1-86 

Outside    ...     I  ^g.^gj  pg^j  jg^jj  ^^^j  ^g^.gj         ^^^.gj 

(  10-36  21-66  1-46  091  1*61  161 

^°****®-     •     •     •     I  (4-7)  (550)  (61)  (14*9)         (41*0)  (41*0) 

Gothard  Railway.  —  Simple  angular  symmetrical  fish-plate.  Four  bolts;  diameter  0*984  inch 
(25  millimetres).    The  bolt  holes  are  punched. 

WIG).  /.  I,.  Z,(WJ.         yi"Ui").        »j"(V'). 

•     22-05  23-62  4*70  211  224  157 

(10;  (600)  (195-6)  (345)  (56-75)         (39-75) 

Per  flsh-plat«.  Per  flsh-plate. 

Meridional  Railway.  Adriatic  system.  —  Simple  angular  symmetrical  fish-plates.  Two  types, 
one  with  fi?e  bolts,  the  other  with  four.  Diameter  of  bolts  in  both  cases,  0*984  inch  (25  millimetres). 
The  bolt-holes  are  drilled .     Fish-plates  of  Martin  steel . 

W(G).                /.                    I,.  Z,(W,).  Vi"(ii").  ya"(V'). 

J            22*05  28-94           316            1*52           2*07  1-48 

^yP**     '     •     •     i             (10)  (735)  (131-7)  (24-9)  (5279)  (37-51) 

j             19-8  25-51            2-84            1-40            2-01  142 

'^^P*^     •     •     •     i             (8-7)  (648)  (118*2)  (23-0)  (5122)  (36-18) 

Per  fiab-plate.  Per  flith-pla(e. 

F  =  31-7  (5000). 


, .  •  s 
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Italian  Mediterranean  System. —  SimplsuugularsjminelricJilfiah-plateB.  Of  section  A  there  *rr 
Ihreeljpes.  Nl>.  :;.  t^'C,  and  V*.  Of  section  B  therein  one  lype.  M.  Type  No.  a  has  live  bolts,  tlie  «sL 
Ikive  iuur,  of  (J'(Jg  inch  (!j  millitnotres)  diameler.  Pot  some  fears  pmtt  the  lish-plales  haie  l>een  oE^ 
mild  nleel . 


Sicilian  Railway.  —  Simpl. 
(35  inillimelres).     liolt-holes  arcd 
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2-41 
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(6M) 
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1'42 
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le  onguli 

ir  lymmetricjil  fish-plaUs.     Four  bolls,  diameter  0-y8  incla 

lr[IM. 

Fish-]>Utes 

mndeof  wroughl-iron 

of  the  best  quality. 

WfO). 

I. 
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Z.iWJ. 
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19-81 

4-B3 

E-04 

2  41 

1-9S 
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(«l-35) 

(48-90) 

24-23 

2T95 

4  9! 

2  04 

2'41 

1-92 

(11) 

(110) 

(205) 

(33-4] 

(.;i-35) 

(4? -90) 

P  =  21 

■fi  (340(J). 

Specified  l^nsilo  strength  P 

French  Slate  Railways.  —  The  bull-boail«i  rsiln  of  POfl  lbs  per  jurd  (40  kUograma  per  metro) 
are  juiiied  by  Kimple  angular  flgli-pliites  of  cnal  steel.  The  vieigbt  of  s  pair  of  lisb-platea  ii  41  -8  Jbi 
(19  kilogranifl).     Thereare  four  bolts.  0'9SiDcb(23  mill.)  iu  diameter.     Theholea  are  drilleU  or  punched. 

The  moment  of  inertia  of  the  pui'r  of  flsb-p!al«s  is  tS'81  sq.  incheaX^q-  inelies  (783  sq.  cent.  X  sq.  cent.) 
and  (he  motnenl  of  resistance  7*2*1  i^ubtc  inch  (119  rubic  cenlimetrea).  The  symmetrical  raiU  neighing 
76-dt  Ibo  per  yard  (38  kilograms  per  metre)  are  joined  by  flat  flsb-plules.  The  weight  of  the  piiir 
is  23'7li  lbs  (lO'S  kilograms).  The  flsh-plska  are  held  together  by  four  bolts  0-93  inch  (25  milli- 
metres) in  diameter. 

The  holes  are  either  drilled  or  punched. 

The  moment  of  inertia  of  the  pair  is  5-60  sq.  incbdS  X  iq.  inches(131-4  aq.  eeol.  X  *?■  cant. }aad  the 
moment  of  resistance  2'32  cubic  inches  (38  cubic  centimetres). 

The  symmelrical  rails  weighing  7061  lbs  per  yard  (35  kilograms  per  metre)  of  the  ■  Char«ntM>  type 
are  joined  by  flat  tlsh-platea  weighing  19*8  lbs  (9  kilograms)  the  pair,  and  four  bolti  0'94  inch  (24  milli- 
metres) in  diameter. 

The  Vignoles  rails  veigbing  70-61  lbs  per  yard  (35  kilograms  per  metre)  are  jolTied  by  flat  Bab-platM 
weighing  22-4  lbs  (102  kilograniB]  the  pair,  and  four  bolO  098  inch  (25  millimetres)  in  diameter. 

Paris,  Lyons  and  Hediterrauean  Railway.  —  Suspended  aah-joinl.    Simple  aogular  symmet- 
rical fibb-plate,  of  steel;  an^^le  beuring  on  bed-plnles  and  fastened  to  sleepers  by  four  Bcr«wip-ikas. 
There  are  sii  bolts  of  0-93  inch  (25  millimclres)  diameter. 

W,G!.  (.  I-.  ZjIW,).  'j,"W).  i',"W\ 

33-95  31-49  4-46  200  225  1-42 

(15-4)  (800)  {I85'7)  (32-7)  (57*1C)  (36-15) 

Pet  nsh  pliilo.  Per  tlBh-plale. 

French  Southern  Railway-  —  Two  types  of  fish-joints  : 

l«iy.  On  tlie  greater  [i^irl  of  the  system,  two  I1;it  symmetrical  flsli-platcs  of  liord  Steel,  with  four  bolls 
0-787  Inch  (20  millimetres;  in  diameter.     The  hole.s  are  drille.1  -. 
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2n(liy.  Inside  fish-plate  fiat;  outside  fish-plate  increasing  in  strength  towards  the  bottom.     The  fish- 
plates are  of  steel,  and  there  ire  four  bolts  0*787  inch  (20  millimetres)  in  diameter. 

w(g;.  I.  h.         Z2{wv    .vi"(/i"i    ?/s"(Vi. 

S  11-68  17-71  ) 

I  Outside  .    .   ^  ^j^.g^  ^^.Q^  /  2-86         1*89         1-51  1-51 

**'  *yP® j        .  j  9-46  21-26  (119-2)        (31)         (38-5)        (38-5) 

(  Inside.    .    .  j  ^^.3j  ^.^Qj  I         ^■^■'JiriJliT"^ 

^  ._,  (  1807  17-71  ) 

\  Outside.    .   j  ^g.g^  (45Q^  I  ll.g  

2«Mype  .    .    .    .  •  J  g.^g  gj.gg  >         (491)  

f  Inside.    .    .    j  (^.3^  ^5^Q)  I       Per  pair. 

Paris-Orleans  Railway.  —  Fish-plates  of  steel  of  medium  hardness  having  an  angular  shape,  of 
which  the  angle  curves  under  the  rail .     Four  bolts  0*98  inch  (25  millimetres)  in  diameter. 

G  =  41-88  (19)     )  •      rfl  1     ,  ♦ 

I,  =  17-92  (746)  i     P^'-Pa^r  of  fish-plates. 

French  Northern  Railway.  —  Inside  and  outside  angular  fish-plates  having  a  length  of  25*59  inches 
(650  millimetres),  fastened  by  four  bolts  0-98  inch  (25  millimetres)  in  diameter. 

French  Western  Railway.  —  (1)  Bull-headed  rails.     Deep  fish-plates  on  both  sides,  with  four 
bolts  0-98  inch  (25  millimetres)  in  diameter. 

(2)  Symmetrical  double-headed  rails.     Fiat  fish-plate  on  the  outside;  deep  one  on  the  inside;  four 
bolts  0-98  inch  (25  millimetres)  in  diameter. 

(3)  Vignoles  rails.     Flat  fish-plate  on  the  outside;  deep  one  on  the  inside;  four  bolts  0*87  inch 
(22  millimetres)  in  diameter. 


The  bolt-holes  are  drilled  in  each  case. 


W(G).  /.  T,.  Z,(Wa\ 

17-63  18-11  8-71  3*12 


(i) 


j    Outside j         •  (g.Q)  (^g^j  (ggg.gj         (5^.^  J 

I 


(2) 


(3). 


Inside. 

Outside 

Inside. 

Outside 

Inside. 


17*63  1811  8*71  3*12 

I  (8  0)  (460)  (362*6)  (51*1) 

t  9*92  17-71            1-43           0*91 

j  (4*5)  (450)  (59  5)  (14*9) 

\  16-68  18*J1            8-41            302 

i  (7*57)  (460)  (349*9)  (49  3) 

\  8-87  17*71            1*60            0*97 

\  (4*025)  (450)  (66*5)  (15*9) 

\  17-48  18*51  6*22            2-41 

i  (7  930)  (410)  (258*8)  (39*5) 


Belgian  State  Railways.  —  The  fish-plates  are  regular  and  made  of  mild  steel  or  good  iron.     The 
bolt-holes  are  drilled.     There  are  four  bolts  0*98  inch  (25  millimetres)  in  diameter. 

W(G).              I,                 h.          ZalWj).      yi"(/i";.  yt"Wr 

\           46-29           28-74           7-09           2*73           260  1*44 

'   '    '   '     \             (21)             (730)          (295*3)        (44*7)         (66*1)  (36*7) 

j           48-50           28-74           7-27           2'82           2'57  1*47 

'    •    •   •      f             (22)             (730)          (302-7)        (46*3)         (65-4)  (37-4) 

Minimum  for  steel      . 28-6(4500)  \ 

Minimum  for  iron 22-2(3500)  f 

Minimum  for  steel 20  •       pe     e  . 

Minimum  for  iron 20  1 


Outside 
Inside  4 

.-1 

B-   I 


Dntch  Railway  Co.  —  As  a  general  rule,  ni 
On  some  porlA  ol  Ihe  lines.  Sal  Dsh-plsEcB  are  st 

Egyptian  Railways.  —  Typesland?:flfltflsh-plHtesniadeofsti!elni 
Type  3  :  Hal  Hjli-plntes  madeonron  are  used  on  both  aiiles. 
Type  4  :  flat  llsh-ptateon  the  inside,  angular  Hsb-plateoD  the  outside. 
TjpeS  ;  angular  Qsb-plales  made  of  xtepl  on  both  sides. 
Id  each  ease  there  are  four  punched  bolt-holes;  the  bolts  used  are  OST  t< 
metres)  in  diameter . 

F  =  28-5  to  34-9  (iSOO  to  5500) 

G  —  at  least  30 

D  =  20  to  28     


I  00  inch  (g!-2  to  255  milli- 


TjpeS. 


WIG). 
ID' 47 
(4-75) 


20-72 

(9-4) 


20-72 

(9  ■4) 


17-91 
(455) 


21-65 

(550) 
19-fi8 
(500) 
21-65 
(550) 


Z,(W,1. 

0-fl3 
{I3-6) 

101 
(16-6) 

1-78 
(29-2) 

1-26 
(20-6) 
■81  1-78 

3-51      (89-8) 


1-85 

(52-4) 


(158-5) 
2-07 
(88-5) 


1-51 
(38-5) 

1-61 

(41) 

813 
(54-83) 

1-65 
(42  00) 

8- IS 
(54  83) 


1  51 

(38-5) 
1-61 

W) 
1-36 

(34-77 
1-65 
(48  00) 

l-3(i 
(34 -TJ) 


Rusiiaii  State  Railways  (St.  Petersbarg  to  Warsaw)-  —  Theaih-Joiot  iaffladeaB^ollo»a:— 
a)  Two  angnilarflsh-plates  of  rolled  iron  82 '998  inches  (584  millinietres)  long  and  0-709  inch  (18  milU- 

toetresj  thick,  weighing  13-05  lbs{8-19  kilogi-flms)  each.     The  boll. holes  are  punched. 
6)  Pourbolla  437  inchea  (111  milltmetrM)  lopg,  0866  inch  (88  milliinatrM)  in  diamet«r;  weigbt, 

1  '81  lb (0-545 kilogram)  each. 
e)  Two  bed-plates  7  inches  (178   roillimctres)  long,  7   inches  (176  mitli metres)  wide,  0-551  ioeh 

(14  millimetres]  thick,  and  weighing  7' 22  lbs  (3-876  kilograms)  each. 

dj  Eight  spikes  5-91  inches  (ISO  millimetres)  long,  059  X  0'59  inch  (15  X  IS  millimetrea)  in  MCtJon, 

and  weighing  075  lb  (0-262  kilogram)  each. 
Id  order  to  prevent  Iha  nuts  from  working  loose,  washers  of  btrdeoed  material,  Mcordtng  to  theMileiis 

system,  are  used  of  late.    The  holes  in  the  bed- plates  are  drilled. 


&<*•  Ballasi  and  tubsoil. 
The  Datura  of  the  ballast  and  ita  quality  are  to  bedeacribod. 


Kaiser  FerdlnaiidB  Nordbahn.  —  The  ballast  on  19  p.  c,  of  the  line  is  grarel  not  sereened;  on 
53  p.  e.  the  ballast  is  screened  gravel  from  a  riTer-bed  or  gravel-pit  and  on  88  p.  C.  the  baUwt  ia  ol 
broken  alone. 

Privileged  Aastro-Hangariau  SUte  Railway  Co. —Broken  stone  or  pit  grevel.    The  pit  graral 
is  unsatisfactory  as  it  offers  loo  little  resistance  to  t be  displacement  of  the  superslmctnre. 
In  a  great  many  cases,  it  was  necesaar?  to  add  aaod. 


^wciy.  —  Ordinary  pit  gravel  or  river  gravel,  and  broken  stone. 

uoUUird  Railway.  —  The  ballast   and    the  subsoil    in  general  leave  little   or   nothing   to    be 
desired. 

Meridional  Railway.  Adriatic  System.  —  The  ballast  is  composed  of  rlTer  gniTel,  screened 
pit  gravel  or  of  broken  stone. 

Italian  Mediterranean  System.  —  Screened  gravel  and  broken  stone.  The  question  cannot  be 
.einswered  exactly  on  account  of  (he  number  of  different  conditions  existing  on  different  sections  of  the 
line. 

French  State  Railways.  —  The  ballast  Taries  on  different  sections  and  even  on  the  same  section. 
Ml  is  sand,  graTel  or  broken  stone.    The  sand  is  partly  shingle  and  is  taken  from  quarries  in  the  Tidnity 
<:3f  the  line.    The  gravel  comes  either  from  the  sea-  shore,  or  from  the  beds  ot  rivers  (Loire,  Sevres,  etc.), 
^3r  from  old  river-beds. 

The  broken  stone  is  flint  granite  or  limestone,  and  comes  from  quarries  situated  near  the  line.  It  is 
^smshed  until  small  enough  to  pass  through  a  mesh  of  2*36  inches  (6  centimetres).  Before  being  used,  it 
^8  freed  from  earthy  matter,  foreign  substances,  and  broken  pieces  less  than  0*78  inch  (2  centimetres) 
^t  their  smallest  dimension. 

PariSf  Lyons  and  Mediterranean  Railway.  —  The  ballast  preferred  is  broken  stone. 

French  Sonthem  Railway.  —  The  ballast  is  as  a  rule  composed  of  gravel  and  pure  sand,  freed 
Crom  earthj  matter,  all  stones  which  are  more  than  H'ib  inches  (8  centimetres)  in  their  widest  part 
^>eing  removed. 

Stone  broken  small  enough  to  pass  a  mesh  of  2*36  inches  (6  centimetres)  is  also  used  on  certain 
sections. 

Paris-Orleans  Railway.  —  Ballast  of  river  sand,  pit  sand  or  broken  stone. 

French  Northern  Railway.  —  The  ballast  used  is  that  which  can  be  obtained  in  the  locality  in 
"^hich  it  is  required ;  hard,  not  glassy  slag ;  angular  stones  either  by  themselves  or  mixed  with  ^ne 
gravel;  hard  broken  stone;  in  all  cases  a  ballast  which  after  a  time  become  Arm  and  consolidated,  and 
^et  allows  the  water  to  drain  through  it. 

French  Western  Railway    —  The  choice  of  ballast  is  usually  governed  by  the   position  of  the 

^oarriM.     Sand,  either  screened  or  unscreened,  is  used  as  ballast  mixed  with  gravel  and  broken  stone ; 

%at  preference  is  given  to  hard  limestone,  crushed  and  passed  through  a  2*36  inches  (6  centimetres^ 


Belgian  State  Railways.  —  The  ballast  generally  used  is  broken  stone,  preferably  sand-stone  and 
jwrphyry  which  is  obtained  as  a  waste  product  in  making  pavingstones . 

Dntch  Railways.  —  The  ballast  is  composed  of  a  bed  of  pure  sand,  on  top  of  a  layer  of  gravel 
^'94  to  5*91  inches  (10  to  15  centimetres)  thick. 

Egjnitian  Railways.  ^  In  Egypt  there  is,  properly  speaking,  very  little  line  laid  on  actual  ballast. 
*rhe  fienha-Ismailift  line  (21-75  miles  [35  kilometres]  double  line,  49*7  miles  [80  kilometres]  single  line) 
is  Uie  only  one  on  which  a  definite  bed  of  ballast  has  been  used.  For  each  yard  (metre)  of  the  single 
^ne,  25*83  cubic  feet  (0*8  of  a  cubic  metre)  of  gravel  has  been  used . 

All  the  rest  of  the  system  is  laid  on  the  natural  soil  with  the  exception  of  about  37*28  miles 
C60  kilometres) of  double  line  which  has  a  foundation  of  sand  and  broken  stone. 

Russian  State  Railway  (St.  Petersburg  to  Warsaw).  —  On  the  whole  line,  the  ballast  consists 

of  coarse  quartz  mixed  with  plenty  of  gravel.     On  the  section  from  St.  Petersburf?  to  Gatchina,  the  bed 
of  the  bftllasi  is  covered  by  broken  stone  so  as  to  prevent  the  formation  of  dust  by  trains. 


(94 
The  thickneva  of  the  biLllast  under  the  bottom  of  the  sleepers  is  to  be  stilted. 


Kaiur  Fardinaads  Nordbslin.  —S<M  io0i5Uui\Ki{0-l  taQ-St  metre). 

AnBtro-Hnngarian  PriTilaged  State  Railway  Co.  —  945  inches  (024  inetrci. 

Aoitrian  South  Railway.  —  11-81  iiic)i<^MO-SOinelre). 

Meridional  Railwar-    Adriatic  SyBtem.  —  Ti>e  thickness  of  the  balh^i  \k  tboui  19  GS  inches 
(O'S  metre)  of  which  9  84  inches  (O'Ba  ni...lic)  islielow  the  sleeper. 

Italian  Hoditeiraiiean  Systflm.  —  About  7*87  iuclies  (O-s  meirej. 

French  State  Railways.  —  The  thipkneu  of  Ihe  baltftRt  tienettb  U>a  bottom  of  tlie  sinepcr  laries 
At  prewnt,  it  la  8-66  to9-S4  inches  (0'2S  to  0'25  metre)  for  wooden  sleepers  i  for  metal  sleeper*,  it  *  ^ 
15'74  inches  (0-40  melre). 

French  Sonthern  Railway.  —  7-8T  inrhes  (OSO  metre). 

Paris-OrleaQB  Railways.  —  At  least  ii  81  inches  (0' 30  metre}. 

French  Northern  Railway.  —  The  finrnialion  level  is  19*^0  inches  (50  centimetres)  lower  Di.-iii  tlio 
upper  surface  of  the  roil. 

French  Western  Railway-  -  'J'84  to  (I'Si  inciiestoarjioO-aOniBire). 

Belgian  SUte  Railways.  —  Average  V-i-M  inches  (0-34  metre). 

DntCh  Railways.  —  On  those  parts  ol  tlieline  where  the  i-wid  la  not  bid  ot)  pure  sand,  the  Tarinaliuii 
level  is  S3-6inchea(60ceDtimetr«i)  below  the  upper  aurfdce  of  the  mil. 

Egyptian  Railways.   —  3-94  inches  (OlO  metre). 

Qnsiian  State  Railways  (St.  Petersburg  to  Warsaw).  -  14-33  inohe9(0'3e4  metres). 


Facts  relating  to  the  bnUast  and  subsoil,  considered  vitb  regard  to  their  dryoeia  and  draining 

properties. 

Kaiser  Ferdinands  Nordbalin.  —  Subsoil  almost  everywhere  impermeable;  dry  on  all  the 
embankments  anil  in  most  of  the  cuttings. 

Privileged  Anstra-Hangarian  State  Railway  Co-  —  The  dmiaing-awaj  of  the  water  ii  not 
restricted  by  enrtben  bnnks.     On  dump  cl.-iy  soils  ditclies  filled  with  rubble  are  provided  for  drainiog. 

Anstrian  Southern  Railway.  —  The  subsoil  must  aUaya  be  kept  dry.  Special  ami^eaieott 
for  draining  are  provided  where  the  conditions  are  unfavorable. 

Meridional  Railway.  Adriatic  System.  —  The  quality  of  Uie  ballast  and  its  bardnees  nr; 
much,  as  an  attempt  is  of  course  made  to  use  the  gravel  or  stone  found  in  the  vicinit;  of  the  Una. 

The  nslureof  the  subsoil  is  .ilao  very  variuble. 

French  Southern  Railway    —  The 

tocircumalances,  o(  loam,  chiy.  loamy  sani 

French  northern  Railway.  —  When  the  subsoil  is  clayey,  Ibe  depth  of  the  ballast  it 
increased.     But  generally  it  is  better  lo  improve  tlie  sub-soil  by  drains,  rubble  and  deep  treDchee. 
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French  Western  Railway.  —  Th«  want  of  permeability  in  the  subsoil  can  be  remedied  by  using 
broken  and  not  weathered  hard  stone  (scree)  or  by  screened  grayel,  especially  if  the  formation  level  has 
been  previously  drained. 

Belgian  State  Railways.  —  The  ballast  of  broken  stone  is  perfectly  permeable  and  helps  to  give 
the  road  stability  and  resistance.     The  thickness  of  the  ballast  is  increased  if  the  sub-soil  is  wet. 

Dutch  Railway  Co.  —  For  a  length  of  line  of  about  6*21  miles  (10  kilometres),  the  sub-soil  is 
sandy ;  on  the  rest  of  the  line,  it  contains  turf. 

Rossian  State  Railways  (St.  Petersburg  to  Warsaw).  —  The  quality  of  the  ballast  is 

recognised  to  be  better  than  that  on  other  Russian  Railways.  The  ballast  is  perfectly  permeable  and  no 
attempt  has  been  made  to  replace  it  by  ballast  of  better  quality.  The  subsoil  of  the  northern  part  of 
the  line,  that  is  to  say,  from  St.  Petersburg  to  the  .371"*  mile  (560**»  verst),  consists  principally  of 
clay;  on  the  southern  part,  that  is  to  say,  from  the  371''**  mile  (560^>*  verst)  to  Warsaw  and  Werge- 
bolovo,  the  subsoil  is  chiefly  sandy . 


Resistance  to  compression. 


French  Northern  Railway.  —  No  experiments  have  been  made  on  this  subject,  but  it  is  consi- 
dered that  the  resistance  of  the  ballast  used  is  sufficient . 

French  Western  Railway.  —  No  experiments  have  been  made  on  this  subject,  but  with  the 
materials  used  as  ballast,  a  good  resistance  is  obtained  as  soon  as  the  road  has  become  properly  settled . 


Whether  the  different  lines  haTo  chiefly  embankments  or  cuttings. 


Kaiser  Ferdinands  Nordhahn.  —  76  p.  c.  of  the  line  consists  of  embankments,  24  p.  c.  of 
cuttings .     About  a  quarter  of  the  cuttings  are  damp . 

Privileged  Austro-Hungarian  State  Railway  Co.  —  The  embankments  predominate  greatly. 

Austrian  Southern  Railway.  —  Embankments  and  cuttings  succeed  each  other, 

French  Northern  Railway.  —  The  total  length  of  cuttings  is  about  the  same  as  that  of  the 
embankments. 

French  Western  Railway.  —  The  predominance  of  embankments  or  cuttings  varies  on  different 
sections  of  the  line. 

Dutch  Railway  Co.  —  The  embankments  are  much  the  more  numerous. 

Russian  State  Railways  (St.  Petersburg  to  Warsaw).  —  29  p.  c.  cuttings.    71  p.  c. 

eiabankmeats. 


I 

l.'Vfflh  of  rails  in  feel  (ntefrea),  and  distance  between  sl/npem  in  tnehei  (miUimetrei). 
(Be^t  iodicafed  by  sketchRs.) 


Eaiser  Ferdinands  Nordbahn. 

.  12  sleepers  2555ft(5i?^j_^      „,  le  sleepers.41-01(lC/JOTJ  _., 

9251  29 » !    13  .  Sl'ffl! 29 52 ; 9 25 


'  |925i2878|  It  .  2973'2e78!9.25l 
PriTileged  Auitro-Bnngarian  State  Railway  Co. 

,Jlsleepers.2353tt(.?^/H;., 

ilOOBISI-M'  8>33-86;3I-66!l0<)a 
Anatrian  Soathem  Railway. 

._12sleepers.32-82ft(/^-^/4, 

is 96;  3099!  9.S4-65i3099;9.96| 

essim)*i3Ymf^l2a7)725$ 

Gothard  Railway. 

,.  -  -  It)  Sleepers  33  37  {i(SOm)-'^_     • 

'|6M'24-73;E9M'  11.31'a9l2953|21-7316'58i 

1i6^jsI&775^''lir,~8Yoj  ai''"~ 


^«-  1  group,  profi,,  ^ 


P^l^ers  19m  (6  On?) 

J  i)il  I  I     II  "7 


mrsmTi 


""^-'— -ere... 

WB7rr«rs^!T, ?     ,-  -  ■  lOsle^iersmii  ISfim) 


/6'536fi 


'^0/3;.5(; 


•^-<-^    '  -  ^^'^  1 6150  1/2^ 


_l_ 

»8» 


Tt/pc  y>.  Stei:l. 

.Mslefpprs29-53fi(3toj 


;n-93;  32-95;   7.3780  |  3295  ill  33| 

Type  y.  Sleel  or  iron. 
7  spaces,  sleepers  irndtT  eniN. 

19-69fl  (  f.o  m;„ 


:Z44t3622|38Z0!38-53;3fl20|36?2;Z4-4-li 

Nil.  2  group,  prfifile  H. 
Ty/if  M.  Slcrl. 

^-13  sleepers  3337fif/2W., 


»;»5)  W'55flj  1745)  mt 

Type  M.  Steel  or  iron. 


7  spaces,  sleepers  under  ends.  7  spnces,  sleepers  under  ends. 

^- - -flfflft (6 Oml.^      I 20-676  (63m) -...--^ 

!2955l5<35-43l2?!i5|       ^25 53  !3780  ;«ie;«95140)6l37-8()125«i 
OSOr^^oirim        16WI  mO)  0020)  fJOf  011020860)050) 

French  State  RailwBTB. 
Bull-lieailt^d  rails,  80-G  lbs  per  yard  (40  kilograms  per  metre). 

_14sleepers.3603fl  llWmj  -  ,      |._125leepers3609ft (//-to; ..^ 
Ml 27171 11.32 Z9:2717|1181j       iflffl! 31-10  i  9»38-59 131-M  IMli 


-  Artiis,  76-6  lbs  per  yard  (58  kilograms  per  metre). 


;,- (J  sleepers.  18-05fffJ-5^ 


11-81  !  5x3859111-81 

'(mj^JsVsso)  (300) 


\ 


Bull-headed  rails  of  76*6  lbs  per  yard  (58*0  kilograms  per  metre). 


\  .  .         I 

11I«1 23-53 14x3347! 29-53  ;i1-81 1 


il]-8l!3110  19x38  591311011)81 

fo^n^idVsm'^ijdtiioo)  . 


jn-Sli  27-56[11  x_32-23  j27_56jn-8Ij 

Bull-headed  rails  of  706  lbs  per  yard  (35*0  kilograms  per  metre). 


11 811 3741J4X  58-57' 374-1 M 

Vignoles  rails. 


1181    6x38-70  11-81 


Paris-Lyons-Mediterranean  Railway. 


18  sleepers  l'6'bl{\{nOm) -- 


^mb \ 23«! 23-63] 24^1 ; 25-59 jIB 36 !  7« 28-43  ',  18 56 1 25 59 1 24 81 1 25^31 23-63',  10-63 

^01  ^nm'Bsdffiso)  f72^a'^^  ^tjE^mHmTmTmm 


200 
French  Sonthem  Railway. 

12  sleepers 3603 ft (//toj , 

ill  8li  383i38Jl  iM;38i^  SSiZ3«2i36il^38S«|ffi7<|38S^3»J811)-8l ! 

mBmaumvommfmKmmmKwmuM 
, 14-sleeperc.5603li(';/^a'| ._, 

'  11«lSI7!S17l32a;5ffl;si7;32»;Z36^32i7iSI7|SaiS2)|3217l3217i11«l  i 


Tbeae  idckJc^j  ol  laying  Lhe  road  are  Useil  ; 
1>*  Od  Bleep  JDclinM ; 
%"*  On  slurp  carv«s. 
The  two  Bleepert  in  the  centre  of  the  rail  are,  like  thoH  at  the  flsh-joiat,  placad  28*6  ioelMS  (SO  centi- 
metre*)'apart,  aa  thai  when  a  3G'09  feet  (ll'O  metrrs)  raili  breaka,  it  can  be  replaced  •!  once  b;  two  of 
IS'OS  feet  (5-5  metree]  thus  : 

I 6  sleepers  1805  ii/5-5ffl) , 

ill_81  j  »58i3&58i  3B7*|  3846|38«;  11-81  j 

Parii-OrlsaiiB  Railway- 

.._  \'t  sleepers  56.034  (Z/<toj  4 

itl8l|  2717)  11. 32-291 27171  Mi 
Frencb-Northorn  Railway. 

|.  -  J6sleepers.33-37(!  [lUm) , 

13-45]  23 63  i  29-33 1 11 . 31-50  ]  2>S3]  23  63l  J+^ 
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French-Western  Railway. 


._-..I8sleepprs.39-37ft  (120m] 

m  Z5 20!  7^ 26  3812245 1 7''26_38; 2520j]l_81 
1300)  f647r(7  "670^(74^  (7'67^64(f(^) 

u — 15  sleeper5.39.-57ft  [mm) 

i 


11-811 2835!  5x32-68i32-84l32-84^  5 " 32-68 1 28 35 1 11 81 


■k 


-^ 


OOdim)  iS^ddOj  m  (85^1  (5^85(1  1220)  (500 

!l1:8l!2533|4^'<26-38  128-55 '4 "26-38  |2599|11-81| 

^3^;^^  (f~6dO)(72^  f'm  (660) M 

Bull-headed  rails. 

. 10  sleepers  Zm\i  i&Onfi) 


I11-811  28  35 1  3  '33-47!  34  06!  3  * 33-47i 28  35  j «  81 

**"  '* ¥2075^850}  ^(m^lfxm  "(720)  "^ 

Yignoles  rails." 


\ 


181I3Z-37;  7''3240T32-37|ri^i 

W»  ^ly^m)  ^mm) 

Belgian  State  Railways. 


.— 125leepersB53flY5-^/^)__ __^  ^_(SsIeeper5.1963fl//^-^4--. 


T 


11I-811 2756 i 2756  I7^3j_5^12756 [2756 lll^^j    l«-ai27-56_i5_x 31;50_  1 27;56jll 8) 

%oa (700)^00)  "^(T^m  m) lio^m  mJuoor is '^ m  "iooj (w) 


r 


Type  1  and  2,  catt  iron 
pot  sleeper t. 


X 

Dutch  Railnay  Co, 

Egyptian  Railways. 
Tijpe  o,  wooden  sleepers. 


Tijpe  4,  woollen  tleeprr- 


11500;  6 < 5700 ;  150 


i 


Ml;  7-32-60  lil-Slj       Jll22!3-Dj48|li2i'         i 


Type  4,  med  on  curves  equal      Ti/iie  5.  used  oh  curves  less      Type.  5,  used  on  ciirres  itic^  ' 
10  or  more  than23-6J  chains  ihan  23-61  rli/iini  (400  me-         than  SH-Cil  chains  (400  }W^ 

1400  metresi  radius.  tres]  radiun.  Ires)  radias. 


J5slefprs3937fi  mi^      Mm^'imiiml- 


1122ilO.£J25iimi 


!ll2M4'32)3:i;-2Z  \ 


II12Z!15'313«;ili2 
l2SiS)'liS''7m'i2^r 


Rnttlaii  Stste  Ballwifs  (St.  pBtenbnrg  to  Warsaw). 


!110ff,2900i6'5200  i2MOillO(l; 


1''  Frequency  of  repair. 

It  is    lo  be  stated  liow  ofien  on  an  average  each  Una  is  udjUEled;  eEpccmllj  wbetber  tliiE 
wilb  the  object  of  bringing  llie  line  to  its  proper  l.vel  or  to  its  proper  direUiou. 


Kaiser  Ferdinands  Nordbahn.  —  For  tbe  lines  taken  all  together,  the  pei'manent  way  is  on  an 

n.crnc^e  oiljiisled  In  lie  a  ;jfar,  priiiti pally  wilL  Itia  object  of  brinHiog  the  line  lo  Its  proper  kvel. 

Prtv-iieged  iagtro-Hongariaii  State  Railway  Co.  —  Oniiltine  umall  repoira  K  to  30  p.  e.  of 

Ibc  whole  line  is  adjusted  cverj  yi'ar,  so  that  each  port  of  the  line  i»  thoroughly  adjusted  once  evcrj 
ll>r«e  y  cjirs,  cr  (il  the  leiisl  once  everj  four  ypare. 

Anst-rian  Southern  Railway.  —  As  n  genernl  rule  those  aeclions  or  the  line  used  for  express 
Irsmc   winch  ore  Ihcjrongblj'  adjusted  Inst  lor  Ino  jears. 

Heridional  Railway,  Adriatic  System.  —  Since  ISDS,  the  practice  of  general  ius])eclioiiE  lias 
been  id   foipa,     fiie  jnierval  between  One  of  the  inspections  nod  Ihe  next  is  one  or  two  years  depending 
on  the  amounl  of  Ihe  traffic  on  tbe  line. 
''  liiut  not  b'  forgotten  that  in  spile  of  (his  there  arealirajB  some  small  repoira  to  be  (tune. 
French  State  Railways.  —  Tlie  repnir  of  the  permanent  way  is  carried  out  by  generol  periodic 
■"'Itw-lion. 

'"^  general  inspeclion  begins  each  year  on  March  15"'  or  later,  and  is  continaed  without  interruption 
until  n,j  Jipi  ^saiiier  sets  in,  up  to  June  15"'  at  leait.  It  is  i'eeommcni«c[  on  September  !•'  lo  the  15"' 
and  Is  continued  until  November  15"'  at  least.  During  the  period  flied  for  il,  the  genera!  inspection 
"  '^"^ied  on  without  interruption  ns  far  as  possible  from  one  Hifitrict  to  another.  At  the  beginning  of 
^'^eh  inspection,  tite  work  is  begun  at  the  point  where  tbe  preceding  inspecliou  led  olT. 

"'  tl>c  general  inspection,  tiie  line  is  put  into  perfect  crder  in  such  a  way  that  il  may  remain  as  long  as 
fouible  without  requiring  further  attention. 

Th«  length  of  time  of  fl  complete  rerision  and  for  carrying  out  Ihe  tbiIous  works  connected  willi  it 
'■"y  nctofding  lo  Ihe  length  of  time  the  line  has  been  made,  and  llu'  traffic  on  it.  In  e»ery  case,  the 
*''ep«r3  which  would  come  lo  their  limit  of  wear  within  llic  year,  the  chairs  and  tlie  screw-spikes  which 
e  iko  longer  of  use,  and  the  llsb-plule  bolls  whose  threads  .'re  worn,  are  replaced  ;  Ihe  plraighlening  of 
*  "^ils  and  the  packing  of  the  sleepers  is  attended  t^  willi  core,  .nnd  they  arc  rclaid  wherever  Ihe 
■  liability  of  the  ro.idmey  require  it;  (be  hnllasl  is  also  cleared  of  all  weeds  which  may  he  in  it. 
,  ••"Oncll  Northern  Railway.  —  Tbe  line  is  repaired  under  tlie  system  to  which  Ihe  name  flying 
*Fection  t?  given,  it  is  impossible  lo  say  how  many  times  a  year  il  ia  rectified. 

^"e  use  Ihe  method  of  general  inspection,  Hie  interval  for  Ibis  is  I,  2,  and  also  3  years,  according 
"'^  age  of  the  road,  Ihe  method  of  its  construction,  and  tlie  amount  of  tralGc  on  it. 
■"'"Onch  Western  Railway.  —  The  system  known  as  Hying  inspection  is  used. 
.       ^^onsisis  of  rep.iiring  Uie  road  at  isolated  paints,  or  on  pirlsof  n  greater  or  less  length,  when  defecta 
"  ^■'^  e'Inin  degree  of  importance  come  into  ciislence  either  accidentally  or  in  Ihe  regular  wny. 

*s  not  easy  lo  siy  hoir  oAcn  on  an  average  each  line  is  ndjusled  In  a  ytar.     The  number  of  limes 
-.    ^''3r  lariable,  and  dejtends  on  Ihe  amount  of  Ihe  tralllc,  tbe  longitudinal  section  of  tbe  line,  the  age 
V*^   ■Mlcrials,  Ihe  quality  of  the  ballast,  tbenatnre  of  the  subsoil,  etc.,  etc. 
J.     **  B<Mtnil,  we  have  only  to  ruslore  the  line  lo  ils  proper  level  al  the  flsh-joi; 


"''•iiio, 


nt  of  tlie  line. 
'   c^erlain  gradients  of  gi'ent  length  the  direcliLi 


of  tlie 


le  has  lo  be  frequently  re-estahlishtil. 
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Belgian  Stale  Railways.  —  The  general  adjuhtinvnt  Iiob  on  un  average  to  he  made  once  a  vesr. 
It  U  uiiderlaken  wilti  Ibe  object  of  adjusting  Ibe  line  tu  Lis  projwr  IcigI,  and  al  Ibe  name  lime  to  llic 
ri^hl  Jij'ecliou. 

Dntch  Railway  Co.  —  At  lesst  twice  o  year. 

The  sddilioaal  work  la  principally  witls  tiM  object  of  adjusting  tbe  level. 

Egyptian  Railways.  —  Uning  lo  the  absence  of  a  ballast-foundstion  aud  to  the  LIgli  Leiel  of  Ihe 
water  la  Ihe  treuchea  ut  the  side,  the  roud  ver;  casil;  loses  [(b  lerel  and  shape;  lliia  also  depends  on  Uie 
locomotives  that  are  used. 

11  is  impoaaible  lo  give  any  particular  inrormalion  on  Ibis  point. 

Rnsslaii  State  Railways  (St.  Petersburg  to  Warsaw).  —  Tht  permnneni  wnj  is  ndjust«d  and 
renewed  as  I'equirnI ;  a  complete  repair  ol'  Die  whole  system,  or  by  sections,  is  narer  made. 

There  ore  no  slatislics  giving  the  eiact  number  of  repairs  per  unit  distance  per  year,  but  we  caa 
assume  on  tbe  whole  that  Ibe  repairs  on  Ibe  gradients  are  eiecuteit  not  le&s  than  three  timea  a  year, 
namely  in  tbe  spring,  when  sleepers  are  changed,  and  in  Uie  autumn ;  tbe  le-eatabliahiug  of  tbe  lint  in 
ita  proper  direction  ia  doni;  at  least  four  times  a  year. 


S"""   Cojt  of  Tfjiair. 


Tbe  annual  cost  of  repairing  tbe  road  is  lo  be  given  per  yard  id  pence 
of  days'  labour  required  (per  metro  in  kreiitKers  and  days). 


e  ao^^^^Mt^^ 


:  Ferdinands  Nordbahn. 


903   d,,    am    day    (wanes,   material  for   rood    I 
.   !   £'743  d„  O'ltlfl  day  (wages, 


PriTiieged  An stro -Hungarian  Slate  Railway  Co.  — 

all  IDDtei'ial  cii:ludcd]. 

Aaitrian  Southern  Railway.  —  Coatf.-rrenewnh  9-md.,  0-183  day 

Heridional  Railway.  Adriatic  SyaUm.  —  Mean  :  (>'033d.,0'3!9  too  366 day, 

French  State  Railways.  —    The  eipenHen  of  repair  vary  on  dilTerenl  sections  between  £*743  and 


:eiierjBrd(0  30.'^  and  I   348  frnp 


re), 
iven  it  is  impoDsihIe  lo  deduce  the  meaa . 
13  given  as  lo  the  number  ufdujB, 
Paris,  Lyons  and  Mediterranean  Railway,  -^  No  iiiroiinniLnii  with  regurd  to  the  cu>st  »r  mHin- 
lenance,  and  tlie number  ofdaysnork  icijuired. 

[Tlie  total  costs  lor  maintenance,  exclusive  of  I'enewaU.  supertisiun,  and  wages  in  general  have  biwa 
i.  137.4  a.  3  d.  par  mile  (6,850  fraucs  per  kilometre),  or  on  an  aveiage  A  s.  11  '68  d,  per  yard,  in  IWa 
llgure,  la,  1-  IT  d,  per  yard  nuiy  be  taken  as  tbe  cast  ol  the  labour,  maintenance  and  reu*nal  of  lb* 
road  and  works  and  of  the  tools  required.] 

French  Northern  Railway.  ~  It  ia  vatunakd  that  on  an  avorag'e  nt  Uie  oliief  reviaiou  fl-B  lo 
7'6  yards  (6  lo  T  melresj  are  adjuated  ]«r  n:an  per  day ;  and  that  taking  into  aeiMuat  Iba  occadonal 
repairs  also  necessary  this  will  amount  lo  about  S's  janis  (5  metrehj  per  man  per  day,  Thi*  i* 
excluding  tb«  rapain  to  lubsoil  aud  the  renewal  of  Iha  balloal  or  of  Ibe  suparatraoture, 
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French  Western  Railway.  —  The  repairs  arc  as  a  rule  carried  out  by  gangs  consisting  of  four 
plate-layers  in  charge  of  a  foreman.  Each  gang  has  to  repair  2*48  miles  (4  kilometres)  of  double  line 
or  3*73  miles  (6  kilometres)  of  single  line.  Besides  these  repairs  the  gangs  have  to  keep  the  fences  in 
order,  clean  oat  the  ditches,  to  look  after  the  tlxed  apparatus  at  the  stations  in  their  district,  to  do  the 
fogging,  and  to  look  after  the  timber  yards. 

The  importance  of  this  service  varies  much  on  the  different  lines;  extra  men  are  added  to  the  gangs  at 
various  times  of  the  year. 

A  foreman  receives  on  an  average  £  48  (1,200  francs)  a  year,  a  plate -layer  ^  36  (900  francs)  a  year. 

Belgian  State  Railways.  —  Mean  :  3-292 d  ,0137  day. 

As  an  average  we  may  reckon  that  one  man  per  0' 62138  mile(l  kilometre)  can  do  the  ordinary  repairs 
of  a  double  line.  The  men  work  in  gangs  composed  of  four  men  for  every  2*48  miles  (4  kilometres) 
of  road. 

The  average  wage  of  the  plate-layers  composing  the  gang  is  22  9  pence  per  day  (fr.  2*40);  that  of 
*he  foreman  24  •  8  to  26  7  pence  per  day  (fr.  2  *  60  to  fr.  2 '  80). 

Dutch  Railway  Co.  —  Mean  :  8-230  d.,  0183  day. 

(There  is  one  plate-layer  per  0-9321  mile  [1-5  kilometre]  of  single  line.) 

£g3rptian  Railways.  —  Mean  :  5-303  d.,  0*302  day. 

(The  total  of  the  wages  and  salaries  of  the  inspectors,  foremen,  plate-layers,  smiths,  and  other  men 
ployed  by  the  day  in  the  maintenance  and  repair  of  the  whole  line  and  of  the  sidings.) 
'Xhe  total  expense  in  the  service  of  the  line  for  maintenance  and  repair  including  the  bridges,  station- 
buildings,  servants'  houses,  is  20*30  pence  per  yard. 

Russian  State  Railways  (St.  Petersburg  to  Warsaw).  —  The  average  annual  expense  for  the 

^viiole  line  for  the  last  three  years,  1891,  1892  and  1893  :— 

a)  Workmens' woges £    35,208'  8  s.  9  d.  338,001  roubles. 

b)  For  packing  ballast 5,755*10  s.  5  d.           55,253      — 

c)  For  renewing  sleepers 33,068*  8  s.  .9  d.  317,457      " — 

d)  For  renewing  rails 35,267-  5  s.  10  d.  338,566      — 

e-)  For  repairing  fish  joints 7.821*  9  s.  '  2  d.           75,086      - 

f)  For  adjusting  ballast  where  driven  into  subsoil  1,559*15  s.  10  d.            14,974      — 

Total  for  the  year.      .      .     £  118,680'18  s.  *  9  d.       1,139,337  roubles. 

• 

^*^«sidc«  the  expense  of  £7,821*9  s.  2  d.  (75,086  roubles)  for  the  repair  to  the  joints  (replacing  those 
^^ich  are  wora  out),  on  an  average  during  the  years  1891,  1892  apd  4893,  £  16  592  3  s.  9  d. 
^*^^.285  roubles)  per  year  were  spent  for  the  replacement  of  flat  fish-plates  by  angular  fish-plates. 

T*he  annual  expense  per  yard  of  the  line  may  be  estimated  at  £  4.17  s.  lid.  (47  roubles  per  metre) 
^'^   labour  and  materials. 


V.    —    SUFFLEMKNTARY     LNFORMATIU.N. 


1*^  Curves  and  gradients. 


^uper-elevation  and  widening  of  the  gauge  applied;  results  of  observations  and  trials  made  to 
^©nnine  whether  they  are  satisfactory. 


L 


Note.  —  In  llio  following  furmuluci  ;■ 


a  = 

supe  [■-elevation 

n  indict. 

(H  = 

— 

n  melrei.) 

{h  = 

_ 

n  millimorre 

) 

P  = 

widening  of  gauge  In  im-hea. 

— 

in  millimt 

;t,...) 

7  - 

diMance  bet  wee 

a  centres  of  r 

\\b  itJ  inches. 

{'  = 

— 

„ 

in  iiiolrw.) 

0  == 

gauge  of  lice  in 

inches. 

(S  = 

—          in 

metres.) 

maximum  speed 

in  feet  per  second. 

«C  1= 

— 

in  metres  pe 

^ond.) 

(■:  = 

— 

in  kiiomclrc 

pfrhoiir.) 

(ff  = 

acceleration  duo 

to  gratitv.  OBI  inelrea. ) 

radius  ot  cui  vo 

n  diains. 

(R  = 

— 

n  metres.) 

Kaiser  Ferdinands  Nordbahn.  —  Tbe  super-eleratioii  is  delerniiucd  by  llie  formulv  : 

bat  it  did;  notetceed  4-98itic)iea(1S5  millimelres). 
Tlie  wideEJng  of  the  gauge  in  as  follows ; 

ir^ia:                                      llien,iia:  (IIRia: 

7-46  to  18« 1-10  150  lo     250 

1243—1615 102  250—     3!5 

1615—  19-88 0-«4  325—     400 

10-88—  23-6t 0  ST  400—     475 

W-61—  27-34 0-79  475—550 

27-34  —  31  -07 0-71  550  —     625 

31-07-34-80 0-63  625-     700 

34-80—39-76 055  700-     800 

39-76-47-22 0-47  800—950 

47-22-54.68 0-39  950-1,100 

54-68—64-62 0-31         1.100-1,300 

64-62- 74-56 024         1.300  —  1,500 

74-56-87-00 016        l,50(t  -  1,750 

87-00—59-4? 0-08        1.750-2.000 

Above  99-42 0-00  Above  2,000. 


At  Ibe  commeiirement  of  the  curve,  tlie  full  supcr-elevalioii  and  tbe  full  increaie  of  Uie  | 
hare  been  attained. 
These  super's  levations  and  nidenings  have  on  the  whole  proved  so  I  is  factory. 
In  1891,  etperimcuta  have  been  begun  on  super-elcvalion  according  to  the  formulae  : — 

•  =  -'x|       (-^') 
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and  on  widening  of  gauge  according  to  the  formula  :  — 

^  =  0- 00 1458  — 0-0005898^2  [e  =  ^^'^^17^^'^] 

PriYileged  AuBtro -Hungarian  State  Railway  Go.  —  The  super-olevation  is  determined  by  the 

formula  : — 


a  =  0-0277344  X  T  [h  ==  001177  X  ^) 


l^tit  it  may  not  exceed  5*71  inches  (145  millimetres). 
The  widening  is  determined  by  the  formula  : 

^       26  035       noQo-r             /          i3.302       ,^     .,,.     ,     \ 
/5  s=  — 5 0*3937  [e  «=  — ^ 10  milhmetres 

i>iat  it  may  not  exceed  1  *  18  inch  (30  millimetres). 

With  this  arrangement,  the  wear  of  the  rails,  and  particularly  the  inner  one,  at  the  curves,  seems 
comparatively  large;  a  reduction  in  the  super-elevation  and  a  decrease  in  the  widening  seem  to  be 
isKlicated. 

Austrian  Southern  Railway.  —  The  super-elevation  is  slightly  greater  than  tliat  shown  by  the 
'c>rmula  : — 


s2y 


["-H) 


^X2124 

it  may  not  exceed  5*91  inches  (150  millimetres). 
The  widening  of  the  gauge  is  as  follows  : 

If  {  is  :                                        then  ^  is  :  (If  R  is  :                                   then  e  is 

7-46  to  13-92 102           150  to     280 26 

14  91—17-40 0-94           300—     350 24 

18-64— 22-37 079  375—     450.     ......  20 

24-85—32-31 063           500—     6.50 16 

34-80-  44-74 047           700—     900 12 

49  71—6214 0-31        1,000—1,250 8 

74-56- 87-00 0*16        1,500—1,750 4 

Above  99-42 0  00            Above  2,000 0) 

The  latter  rule  has  only  been  in  use  for  the  last  year. 

Meridional  Railway.  Adriatic  system.  —  The  superelevation  is  determined  by  the  formula  :-* 

g .  R/ 


«=      ^"^ 


i  X  2124 

^t  it  may  not  exceed  5-51  inches  (140  millimetres). 
The  widening  of  the  gauge  : 

IfJ  =  or  <  19-88     .     .    ten/3  = 

19-88  to  24-85    .     .     .  = 

24-85  to  32-31    .     .     .  = 

>  32.31    « 

The  ordinary  gauge  is  4  feet  8-89  inches  (1-445  metre). 


0-59 

(If  R  -=  or  <  400  .  . 

.  then  0  SB  15 

0-39 

400  to  500.  . 

.  .  .  =  10 

0-20 

500  to  650.  . 

1   •   .   •  *^    0 

0  00 

>  650  .  .  , 

•  •  •  *«*   C) 
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lUllan  Hflditarranean  Systom.  —  The  mper-eleralion  !■  dslermiDed  by  the  ronnulB  : 

but  it  maj  not  exceed  5'&l  iochea  (140  millimetres). 
Tbe  widening  of  the  gauge : 

If;  <  19-88.     .      .     .tben^=    0.59        (IfR<400 then  «   =     15 

ig-3Slo£4'85    .     .    .    »    0-39  WOloSOO —    10 

24-85to38-3I     .     .     .   ™    0  20  500  to  650 =      5 

>3?-3t —    000  >  650 ;     ,   =      0) 

The  ordinary  gauge  is  4  feet  S-89  inchea  (I  445  metre). 

TreBch  St&U  Railways.  —  The  super -elevation  is  delenuined  bj  tbe  formnla  : — 

■-'■«"Xr      {"-i) 

where  V  — 50  wheii  ■  is  >  4557  and  <  54-68 

(c  is  >  50  and  <  60) 
awi     '         '  V  —  6il  when  .  =  or  >  54-68 

(■'  =  or>60) 

On  double  liaea  the  super-eleTation  calculalrd  from  this  fonnula  is  t — 

'!■'  Rediifed  by  one-fourth  in  eurree  situated  ou  a  rising  gradient  of  nl  least  1  in  143  (7  millimetrea  per  "^ 
metre),  when  the  beginning  of  these  curies  is  at  least  5468  yards  (500  metres)  from  the  beginning  oflbr 
gradient; 

gnd  Increased  by  one-fourth  in  curves  situated  on  a  falling  gradient  of  at  least  1  in  143  (7  millimetrei 
per  metre). 

One  half  of  the  Euper-eleration  is  attained  at  the  commencement  of  the  cnrre.  The  eteTation  begint 
48 '  1  yards  (44  metres)  before  the  commencement  of  the  curves  when  the  super-eleiation  does  not  exceed 
3-94  inches  (10  centimetrea)and  72-2  yards  (Gti  metres)  when  it  does  exceed  Ibis  amount. 

E I  peri  men  Is  arc  being  made  loascert^iin  whetb'.-r  it  would  not  be  holler  to  have  two-thirds  of  the  super- 
elevation at  the  commencement  of  the  curve,  and  to  attain  this  by  giving  the  rails  an  inclination  of  1 
in  667  (1  0  millimetre  per  metre). 

The  keys  ivtiicU  secure  llie  rails  to  the  chairs  are  driven  in  the  down  direction  of  the  gradient. 

The  gauge  is  the  same  on  curves  a^  on  straight  parts  of  the  road. 

Paris,  Lyons  and  Mediterranean  Railway.  —  The  super-e leva  lion  is  determined  by  the  formula  :  — 

=.  =  2-147X7        (h  =  s; 

but  it  may  not  exceed  5-91  Indies  (150  millimetres). 

(See  note  of  Mr.  Julos  Micliel  on  measures  Uiken  to  facilitate  running  round  curves,  fl*rin.-  ^.tiratr, 
December  1893.) 

Fairia-Orleans  Railway.  —  1  lie  super-elevation  is  determined  by  the  formula  :— 

On  curves  the  gsuge  is  widened  6.39  i'lch  (10  niillimelres). 

French  Nortliern  Railway.  —  The  super-elevation  is  determined  bv  the  (brmola  r— 


\ 


^vhe^o  n  =  004  for  lines  used  for  slow  trains; 

0*05  —  trains  of  medium  speed ; 

0*075  —  expresses. 

These  super-elevations  seem  to  answer  very  well. 
The  widening  of  the  gauge  : 

If  i  is  22-37  to  12-43  then  p  ^    0-39        (If  R  is  450  to  250    .     .  then  c  ==    10 
<  12.43 «    0-59        (  <  450 «    15) 

French  Western  Railway.  —  Super-elevation  :  on  embankments  the  rail  at  the  side  of  the  slope  is 
raised  0*79  inch  (2  centimetres).  In  addition  the  outer  rail  is  raised  on  curves  by  the  amount  determined 
by  the  formula : 

«  =  00278  X  7  (h  -«  0.153  ^) 

The  super- elevation  must  commence  at  least  100  a  (100  H)  before  the  beginning  of  the  curve  and  must 
attain  its  full  extent  on  the  straight  part  of  the  line.  It  has  not  been  considered  necessary  to  widen  the 
gauge  on  curves. 

Belgian  State  Railways.  —  The  super-elevation  is  determined  by  tbe  formula  :— 

In  addition  the  following  formula  :^ 

105-68 


(-H) 
(-§) 


has  been  used  as  an  experiment  to  give  tbe  «  standard  •*  super-elevation. 

This  <«  standard  »  super-elevation  is  increased  by  one-fourth  for  all  curves  round  which  trains  of  a 
higher  speed  than  37*28  miles  (60  kilometres)  per  hour  run;  it  is  reduced  by  one-fourth  for  all  curves 
where  the  speed  does  not  exceed  24*86  miles  (40  kilometres)  per  hour. 
The  super-elevation  adopted  is  called  the  «  practical  •  super-elevation;  in  no  case  may  it  exceed 
-^'91  inches  (150  millimetres). 
9ince  1887,  the  Belgian  State  has  entirely  abolished  widening  the  gauge  in  curves  of  a  radius  equal  to 
Or  ^eater  than  24*85  chains  (500  metres)  laid  with  rails  weighing  104*8  lbs  per  yard  (52  kilograms 
P©**  metre). 

The  same  is  the  case  at  places  where  a  line  branches  off  at  a  radius  of  22*37  chains  (450  metres)  or 
f^ore. 

Dutch  Railway  Go.  —  Super-elevation  : 


The  speed  is 

where  { 

and  a 

(where  R 

(and  h 

reduced  to 

equals 

applied  is 

equals) 

applied  is) 

0-988 

248*50 

0*51 

5,000 

13 

0*985 

198-80 

0-63 

4,000 

16 

0*98 

149*10 

0-83 

3,000 

21 

0-97 

99*42 

1*18 

2,000 

30 

0-96 

74*56 

1*57 

1,500 

40 

0-94 

49-71 

2*24 

1,000 

57 

0-925 

39*76 

2*76 

800 

70 

0-9 

29-82 

3*46 

600 

88 

0-88 

S8*45 

3*98 

500 

101 

0*85 

19*88 

4-21 

400 

107 

0-8 

14-91 

5-47 

300 

139 

I 
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The  vidaning  of  tb«  gauge  -. 

Hi  is  49-7i  to  i9'R8.     .  llicn  ,3  —  0-20  (If  ft  is  1,000  to  400  .  .  IJicn  «  =  5 

19  88  to  14-91.     .     .     .  =  0-39  400  lo  300  .  .      .      .   =  10 

14'91to   7-46.     .      .      .  =  0-83  300  to  150  .  .     .      .  =  21) 

Egyptian  Railvays.  —  Ths  auper-eterulion  ia  detcniiiiied  b;  the  rorniub  :— 
._M47X|  (.i^^) 

but  it  um;  not  exceed  6'30  inches  (160  millimetres). 

Tiie  fiiU  amount  of  supei^clsTBlion  ia  required  at  t  lie  eomincntenieiit  of  Ihp  curve;  snd  the  fncUiintior»  **^ 
of  the  outer  rail  lo  oblain  this  result  may  nol  exceed  1  in  £00  (5  millioielres  per  metre). 

Up  to  tbepreseat  there  hos  been  no  widening  of  the  ^'nuge  at  curreK. 

I.  PoterBbnrg  to  Warsaw).  —  The  BUper-elcvolion  ia  ilelermiiKHl  hy      '^C* 
=  ^0'030l45Xj  (n^Jli^j 

On  all  main  lines,  il  is  now  assumed  Ibat  t  ^  68  (c  =>  7407).  No  eiperimeota  liato  lieen  made  lc»  ^:»J 
delcrmiiie  the  occuracy  of  lbs  formula. 

Tbe  full  tuper  elevation  of  the  ouler  rail  iscanlinued  lliroug-houl  the  carra;  the  raising  of  Ui«  outcw"^* 
rail  ia  begun  1 ,000  «  (1 .000  ft)  before  the  c( 


MovemeDt  of  roils  on  gradients.  Ui-eeping. 


Kaiser  Ferdinands  Hordbabn.  —  On  double  lids'!  creeping  generally  lakes  place  on  both  ronda  iaa 
llie  direclion  llie  (rains  travel;  on  single  lines  in  tbe  direction  in  winch  there  is  Ihe  gr«nlep  numlier  ijf 
and  more  heavily  loaded  trains ;  it  is  immaterial  whether  the  gradient  is  rising  or  falling. 

On  curves  the  inner  rails  generally  move  in  tliesnme  direction  as  the  ouler  rails,  and  geaerally  in  tb^ 
Name  direclion  aa  the  trains,  or  in  the  direction  of  the  lieavier  traffic. 

Tlie  greatest  rale  of  movement  ohserved  (afier  one  year)  has  been  10'24  inches  (260  millim«lrM)  to*' 
one  year.     The  Rieatest  absolute  movement  has  been  16-54  inches  (420  millimetres)  in  7  years, 

Tliegrealest  displacement  of  a  Hsh-Joint  relatively  to  theoneon  tbeoppoaite  rails  haabMnlS'SI  iiMbcM 
(310  millinielres)  In  ti  years,  Ci-eejiiiig  has  been  frequently  accompanied  by  enlargement  of  the  gaog^ 
uptoO  276inch(7millLmelre3). 

Tlie  lish  joint  usually  remained  during  the  creeping  in  its  normal  position  relative  lo  Ibe  two  rieeper^ 
adjoining  il. 

In  most  cases  some  of  the  dog-spikes  have  had  their  heads  bent  and  even  broken  off  bj  Iha  diaplac*' 
men) ;  some  ang-ulir  fish-plates  have  also  been  torn  out,  principally  on  iron  bridgca.  In  ■  great  nuuisr 
cases,  and  parti cu  1.1  riy  on  heavy  grnilients  on  a,  double  line,  it  has  been  noticed  that  the  lower  Bti^M  of 
the  angular  llsh-plales  have  mounted  the  bed'plntes  ne.ir  lliera. 

As  a  rule,  the  sleepers  iie:il  the  sleepers  adjoining  the  flab-joint  have  also  been  diaplMwd  from  their 

When  the  movement  had  reached  n  certain  point,  steps  bad  to  be  taken  to  improve  tha  road  (raplaetf 
the  sleepers  at  the  joint  to  their  proper  position,  force  back  the  rails,  or  put  in  dog-spikM  iillen^^jr 
repl.icc  standard  mils  by  Ihose  o'oi  fur  ciirvei). 
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The  creeping  of  Ibe  rails  is  less  on  sleepers  packed  with  a  ballast  of  broken  stone  than  on  those  packed 
with  a  ballast  composed  of  gravel  from  a  rirer  or  gravel-pit. 

Austrian  SonUiem  Railway.  —  In  many  case?,  very  considerable  creeping  (ackes  place  on  heavy 
gradients.  The  movement  is  counteracted  by  the  use  of  angular  fish-plates,  but  these  are  not  quite 
sufficient  when  the  gradients  are  steep.  For  this  reason  the  road  must  often  be  adjusted.  A  trial  ol 
broken  joints  answered  fairly  well,  but  on  steep  inclines  the  movement  was  not  prevented. 

Italian  Mediterranean  System .  —  No  precise  observations  have  been  made  with  regard  to  the 
creeping  on  gradients;  it  is  however  reduced  to  a  nearly  negligible  amount  by  the  different  methods  of 
attachment  in  use  (dog-spikes  on  the  two  sleepers  near  the  joint,  and  fish-plates  which  bear  against  the 
tie-plates  which  are  firmly  fixed  to  each  other).  (Vide  III,  3.) 

French  Northern  Railway.  —  The  rails  creep  in  the  direction  of  the  trains  which  pass  over  them, 
and  in  addition  in  the  downward  direction  of  the  gradient. 
The  repairs  executed  at  the  regular  inspection  prevent  the  creeping  from  becoming  excessive. 

French  Western  Railway.  —  To  counteract  creeping,  the  inside  fish-plate  is  made  long  enough 
to  enable  its  extremities  to  bear  against  the  base  of  the  chairs  on  the  sleepers  adjoining  the  tlsh-joint. 

Belgian  State  Railways.  —  On  the  steep  gradients  of  Luxemburg,  it  was  necessary  at  some  places 
to  add  a  third  screw  spike  to  the  fish-plate  on  each  sleeper  adjoining  the  fish-joint  in  order  prevent  creep- 
ing. At  gradients  the  middle  part  of  the  rail  is  secured  by  two  means  of  attachment  per  29*53  feet 
(9  metres)  rail. 

Any  creeping  would  thus  affect  four  sleepers,  and  on  the  steepest  gradients  the  road  is  immoveable. 

Dntch  Railway  Go.  —  The  rails  creep  in  certain  places,  particularly  where  there  are  iron  sleepers. 

Eg3^tian  Railways.  —  No  particular  observations  have  been  made  on  creeping  on  gradients;  tlie 
question  is  treated  generally .  The  importance  of  creeping  in  Egypt  is  shown  by  the  fact  shat  the  subject 
is  always  under  consideration ;  and  also  by  the  methods  adopted  in  different  types  of  superstructure 
to  counteract  it. 

In  Egypt  the  creeping  of  the  rails  invariably  takes  place  in  the  direction  of  the  traffic,  and  both  rails 
creep;  the  right-hand  rail  moves  from  two  to  five  times  faster  than  the  left-hand  rail.  No  exception  to 
this  rule  has  been  observed;  nor  has  any  difference  due  to  curves,  gradients,  or  direction  of  the  line,  been 
determined . 

The  creeping  is  as  a  rule  greater  in  summer  than  in  winter. 

On  a  single  line,  with  traffic  in  botli  directions,  creeping  is  very  much  more  noticeable  than  on  a 
double  line. 

4854  type  of  road  laid  with  pot-sleepers.  —  The  creeping  of  the  rail  is  very  great  on  this  type  of 
road  when  wooden  keys  are  used . 

For  the  right-hand  rail  a  movement  of  0*866  inch  (22  millimetres)  per  month  has  been  recorded  and  on 
soils  which  have  little  resistance  it  has  been  as  much  1*969  inch  (50  millimetres). 

Spiral  keys  which  were  used  alternately  with  wooden  keys,  did  not  prevent  creeping  ;  but  when  spiral 
keys  only  were  used  the  creeping  was  prevented  sufficiently. 

These  are  now  used  exclusively  on  the  87*0  miles  (140  kilometres)  of  double  line  between  Birket-el-Sab 
and  Alexandria. 

Vignoles  rails,  4889  type.  —  The  system  adopted  to  arrest  the  creeping  of  the  rails  (check-keys 
fixed  at  the  extremity  of  the  rail)  has  been  found  unsuitable  and  ineffective.  On  one  point  where  the 
'  ballast  was  of  sand,  the  displacement  has  reached  1*378  inch  (35  millimetres)  in  a  month.  EUewhere 
where  the  ballast  is  of  gravel,  the  displacement  of  the  rails  on  this  type  of  road  in  a  period  of  25  months 
has  been  at  the  rate  of  0*315  to  0*591  inch  (8  to  15  millimetres;  per  year  for  the  right-hand  rail  and 
0  to  0*315  inch  (0  to  8  millimetres)  for  the  left-hand  rail. 

The  extent  oftfae  creeping  naturally  depends  to  a  great  extent  on  the  nature  of  the  ballast  employed 
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and  on  the  care  with  which  the  screw-spikes  have  been  screwed  up.     The  oae  of  packing pktat  in 
the  efficiency  of  the  screw-spikes  and  prevents  the  rail  from  being  forced  into  the  tleapw. 

Vignoles  rails,  489S  type,  —  The  angular  fish-plates  and  angular  stops  have  dnriog  five  mon 
checked  cr^eeping.    It  is  however  necessary  to  continue  these  experiments. 

Russian  State  Railways  (St.  Petersburg  to  Warsaw).  —  With  re^pMct  to  ereepiog  the  roa 

behaves  in  a  satisfactory  way  on  the  gradients. 


2"**  Materials  of  the  superstructure. 

Results  of  observations  made  with  regard  to  the  use  of  hard  or  soft  natal  (rails,  ilsh-plataa). 
Influence  of  the  process  of  manufacture  of  the  metal. 


Kaiser  Ferdinands  Nordbahn.  —  Since  1891,  some  trials  have  been  made  on  the  behaviour  of  tb^ 
rails.  No  results  have  as  yet  been  determined.  Trials,  begun  in  1895,  are  being  made  on  the  bd^— 
viour  of  the  flsh-plates. 

Privileged  Austro-Hungarian  State  Railway  Go.  —  A  hard,  elastic,  tenacious  melal  gives  th0» 

best  results. 

Austrian  Southern  Railway.  —  The  whole  of  the  material  of  the  supers^cture  is  of  Martirx 
steel  oniv. 

Meridional  Railway.    Adriatic  System .  —  Material  of  the  same  strength  having  always  been 
used  for  the  different  parts  of  the  superstructure,  no  opportunity  has  arisen  to  determine  the  effect  o^ 
different  degrees  of  hardness. 

Italian  Mediterranean  System.  —  The  necessity  has  been  recognised  of  not  using  too  soft  metal 

for  the  rails  so  as  to  prevent  the  wear  of  the  head  of  the  rails,  and  to  prevent  the  rails  taking  a  ae^ 
between  tlie  points  of  support. 

French  State  Railways.  —  The  rails  actually  in  use  are  exclusively  made  of  cast  steel,  manufac- 
tured either  by  the  Sieinens-Marlin,  or  by  the  Bessemer  process.  The  vStecl  must  be  of  the  best  quality, 
with  tine  grain,  denf>e,  hard,  and  tenacious,  capable  of  being  hardened;  it  should  contain  more  than 
0*3  p.  c.  of  carbon,  and  less  than  0*11   p.  c.  of  phosphorus. 

Paris,  Lyons  and  Mediterranean  Railway.  —  Experience  has  shown  that  bard  but  not  brittli*^ 

stool  wiiich  is  required  for  rails  can  only  be  prepared  in  the  Siemens-Martin  furna(%. 

The  Thomas  process  (removal  of  phosphorus)  gives  a  material  which  is  too  soft  and  contains 
large  blowholes;  consequently  it  wears  away  much  more  rapidly  than  steel  produced  by  the  acid 
proces??.  Thus,  for  instance,  fifty  rails  o!  dephosphorised  steel  were  taken  up  after  six  years  and 
three  months  service;  the  average  wear  of  the  head  was  0*575  inch  (14 '6  millimetres). 

The  rails  of  acid  steel  which  liad  previously  been  in  the  same  place  had  been  in  use  for  nine 
years  and  a  half,  and  their  average  wear  was  0*472  inch  (12  millimetres). 

The  best  material  for  fish-plates  is  steel  of  a  medium  degree  of  hardness,  so  that  they  may  wear 
away  quicker  than  the  rails  which  are  more  diflBcult  to  replace  and  more  expensive  (*). 

French  Southern  Railway.  —  Hard  steel  is  exclusively  used  for  the  manufacture  of  rails  and 
fish-plates.     This  metal  behaves  very  well  and  wears  slowly. 

(1)  Revue  (j4n^rale,  August  1889;  A.  Hallopbau,  ■  Note  on  the  quality  of  nteel  for  rails  and  their  aoeeanriee  «. 
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Paris-Orleans  Railway.  —  It  has  been  noticed  that  the  head  of  rails  of  steel  of  a  medium 
degree  of  hardness  datten  out  under  the  action  of  the  traffic.  Nothing  of  this  sort  happens  with 
rails  of  hard  steel. 

French  Northern  Railway.  —  No  opinion  can  as  yet  be  formed  on  this  subject,  as  there  are 
not  yet  sufficient  data. 

French  Western  Railway.  —  As  a  rule,  rails  of  hard  metal  are  used ;  however,  rails  weighing 
88*7  lbs  per  yard  (44  kilograms  per  metre)  of  specially  soft  steel  were  laid  down  in  1891  in  the 
tunnel  of  Pissy-Poville  (1  mile  650  yards,  2,204  metres)  on  the  line  from  Paris  to  Havre. 

But  these  rails  have  been  in  service  too  short  a  time  for  an  interesting  conclusion  to  be  drawn 
from  the  observations  on  them  up  to  the  present. 

Belgian  State  Railways.  —  No  trials  have  been  made  on  this  subject. 

The  rails  are  of  steel  of  a  medium  degree  of  hardness.  The  «  bridge  «•  fiMh-plales  are  of  soft  steel 
or  of  iron. 

Egyptian  Railways.  —  A  higher  tensile  strength  than  44*4  to  47*6  tons  per  square  inch  (70  to 
75  kilograms  per  square  millimetre)  is  not  specified  even  in  the  case  of  Vignoles  rails  weighing  84*7  lbs 
per  yard  (42  kilograms  per  metre). 

Breakages  happening  during  unloading,  while  being  laid  down,  or  afterwards  have  been  extremely 
rare,  and  the  proportion  has  not  exceeded  1  per  40,000  rails  since  1889. 

The  analyses  of  some  broken  rails  seem  to  indicate  that  the  breakages  are  due  to  wrong  propor- 
tions of  the  chemical  constituents,  such  rails  contained  056  p.  c.  of  silicon  instead  of  0*06  p.  c, 
as  specified  by  the  conditions.  These  defective  rails  have  very  probably  been  made  with  the  first 
ingot  of  the  charge  which  is  often  of  a  different  composition.  To  detect  such  in  order  to  test  them, 
and  if  necessary  reject  them,  it  has  been  determined  to  specify  in  future  that  the  rails  are  to  be 
stamped  with  the  number  of  the  ingot. 

Of  about  5,000  double-headed  rails  ordered  in  1891,  several  hundred  were  used  for  points  and 
crossings;  and  a  great  number  have  been  found  to  be  too  hard  to  be  worked  with  tools  or  cut  up 
into  lengths. 

The  analysis  of  the  rails  on  their  delivery  was  as  follows  :  — 

Carbon 0*375  per  cent.  Phosphorus 0  054  per  cent. 

Silicon 0  064        —  Manganese 1*449        — 

Sulphur 0  0.58       — 

The  tensile  strength  was  39*4  to  40  0  tons  per  square  inch  (62  to  63  kilograms  per  square  mil- 
limetre). 

The  limit  of  elasticity  was  24*1  to  27*3  tons  per  square  inch  (38  to  43  kilograms  per  square 
millimetre). 

The  elongation  was  24  to  25  p.  c.  on  a  piece  1*97  inch  (5  centimetres)  long. 

The  reduction  of  area  was  37  to  38  p.  c. 

The  analysis  of  several  of  the  rails  found  to  be  too  hard  to  be  used  for  points  gave  the  following 
results  :  — 


Manganese 2*139  per  cent. 

Arsenic 0  021        — 

Copper  0*071        — 


Carbon 0  615  per  cent. 

SiUcon 0  118       — 

Sulphur 0  059       — 

PhosphoniB 0  0.53       — 

Tensile  strength,  53*3  to  54  0  tons  per  square  inch  (84  to  85  kilograms  per  square  millimetre) 
ElongatioD^  1*6  to  3  p.  c.  on  a  piece  1*97  inch  (5  centimetres)  long. 
Reduction  of  area,  0  to  5  p.  c. 
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u  VtJ<«»  thai  we  liave  had  on  our  line  iince  1891  a  lai^ge   number 
4h»   «4^  iK^n^  «  )«&$£>  sireoglh  of  54 '0  tons  per  square  inch  (85  kilograms  per 


-^^m&tiSQ^  ^0^  '^  ^^  loading  or  happening  during  the  laying  has  been  itisignifi- 

^.5.    V.    ^"-^t  »«?»  »*^  ""**  •"  ^•^^• 

«.    w««.  -inr'   ,-»rtf  Vy  the  action  of  the  trains. 
^ ^j^  ^^^  3^ntjKaMf  sleel  has  been  tried  for  flsh-plat^s  during  the  last  ten  years. 


a*^'  Fish-joints. 

,^  ijlhj^^Qts,  especially  comparative  data  as  to  difTerent  methods  of 
^  ^l|^-«l  Materials  with  the  same  construction. 


^  There  are  only  data  with   reference  to  the  old  type  B  used 
^  "'*    "    ^  ,^^  ,j|^  -^yg^  9i«  more  opt  to  break  near  the  fish-joint  when  this  becomes  slack 

'**''*  %*«i^**'  'rf  »*t^  broken  the  proportion    that  was  broken  (of  type   B)  near  the 


^  ■  «■%  ■ «    ^»*^ 


in  1888. 
in  1889. 
in  1890. 


51-8  p.  c in  1891. 

33  1    — in  1892. 

39-5    — in  1893. 


^  ^ 


^„^  ^--^  introduced  with  the  object  of  fiUing  up  the  slack  between  the  fish- 


wx  V«it  vN*«w^^ret^  necessary  on  37,440  joints  out  of  a  total   of  149,758,  or  on 
^  *k"  v%i.v»'  V  |v*c^ing  pieces  have  been  used  :  — 

l|^"4<^  ivickings  0  0394  incli  (1  millimetre)  thick. 
AVMt^       -        0  0591    _     (1-5     -        )     - 
^^%       -        0-0787    -    (2  ~       )     - 

v^  j?\*  ik.ft.4.intf«   or  on  an  average  about  5  pieces  per  fish-joint,  of  a  mean  thick- 

^^^^^-m^imi  StAte  Railway  Co.  —  Tlie  defects  of  the   suspended   fish  joint 
>^4WlM^  *'W*Y^    V     ijj^  settling  of  the  sleepers  next  the  fisli-joiiit. 
,^  v.K%  ^^^'^^^[^^^J^jI,  «»i«ewhot  considerable  expense, 
.x^v    .»,.v;^  x*^  ^^7       Munle  with  sleepers  next  the  fish-joint  bedded  in  sand,  but  we  cannot  j:ive 


^  _^  Y»w»  tvi^e  of  fish-joint  in   use  has  always   been  considered  unsatisfactory, 

<jM^^ht^4  'W'^^j*  ttnM*****  method  of  construction  as  soon  as  one  giving  better  results  can 

..^    •*•••  V  r:V^^"w    *  „.„|^  w|ih  some  success  to  remedy  the  defects  of  the  fish-joints  by  placing 

y^   v.»-"'     ^^  *•*  ^^  .  rl>$er  together;  although  these  sleepers  could  only  be  packed  from  one  side 

Adriatic  SyStSin.  —  I"  order  to  prevent  creeping,  it  was  found  necessary 
\|imi»>»»^  '^^^^^'ISL  with  notches  for  the  dog-spikes  instead  of  flat  fish-plates. 


S      vJ«^ 
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Indian  Mediterranean  System.  —  It  lias  been  observed  that  at  the  joints  there  is  a  noticeable 
amoant  of  wear  of  the  contact-surfaces  of  the  fish-plates,  particularly  in  the  middle.  Hence  during  the 
bst  jear  or  two  it  became  necessary. 

The  wear  mentioned  above  —  although  much  less  in  propoition  —  is  nevertlieless  always  appreciable. 

French  State  Railways.  —  It  has  been  noticed  that  broken  joints  give  less  good  results  than  the 
usual  arrangement. 

French  Southern  Railway.  —  In  order  to  increase  the  strength  of  the  fish-joints,  stronger  fish- 
plates have  been  introduced  (See  par.  5.  Section  III) ;  the  results,  however,  cannot  yet  be  determined, 
the  adoption  of  this  type  being  too  recent. 

French  Northern  Railway.  —  Strong  fish-plates  are  indispensable  for  obtaining  a  good  fish-joint, 
but  it  is  not  to  be  expected  that  absolute  rigidity  can  be  obtained  by  the  use  of  strong  fish-plates  alone. 
The  fishplatecan  support  the  rail,  but  cannot  form  one  whole  with  it. 

It  is  expected  that  full  rigidity  can  be  obtained  by  bringing  the  adjoining  sleepers  close  together,  and 
packing  them  very  well. 

It  is  for  this  reason  that  in  the  new  system  of  superstructure  the  distance  of  the  sleepers  from  cenire  to 
centre,  adjacent  to  the  fish-joint,  has  been  reduced  to  1890  inches  (48  centimetres). 

French  Western  Railway.  —  A  system  of  fish-joint  with  support  has  been  tried  experimentally 
and  appears  to  be  satisfactory.  This  consists  of  a  cast  chair  screw-spiked  to  the  sleepers  next  the 
fish-joint ;  the  two  rail  ends  are  supported  on  this  chair.  One  steel  fish-plate  with  six  bolts  secures  the 
rail  ends  to  the  chair.  Definite  results  have  not  yet  been  obtained  owing  to  the  short  time  this  fish-joint 
has  been  in  use. 

Dutch  Railway  Go.  —  The  angular  fish-plates  give  satisfaction,  and  are  gradually  replacing  the 
flat  fish-plates. 

EgjTptian  Railways.  —  We  have  lately  adopted  angular  fish-plates.  The  increased  rigidity  of  the 
joints  which  results  from  this  is  very  considerable.  Another  advantage  due  to  the  angular  fish-plates  is 
the  diminution  of  creeping.    (See  section  V,  1 . ) 


4^^'  Social  constructions. 

Special  constructions  to  increase  the  resistances  to  longitudinal  and  transvci*se  stresses,  and 
their  efiSciency  (tie-rods,  outside  supports  for  the  head  of  the  rail,  broken  joints,  etc.). 


Kaiser  Ferdinands  Nordbahn.  —  Apart  from  the  chair-plates,  described  in  section  III,  3,  by 
which  it  is  attempted  to  procure  a  better  method  of  attachment,  a  reduction  of  canling  of  the  rail,  and 
also  an  increase  of  resistance  to  the  lateral  forces,  other  special  constructions  are  not  used. 

Privileged  Anstro-Hungarian  State  Railway  Go.  —  Several  methods  have  been  tried  experi- 
mentally to  prevent  creeping.  Sleepers  next  the  fish-joint  have  been  secured  to  the  adjoining  sleepers  by 
a  fastening  of  the  shape  of  a  St.  Andrews'  cross;  fiat  iron  plates,  or  angle-irons  placed  parallel  to  the 
direction  of  the  road,  have  been  used  to  connect  the  ends  of  the  sleepers. 

The  first  arrangement  has  given  entirely  satisfactory  results  on  a  gradient  of  i  \\\  28*6  (35  milli* 
metres  per  metre)  on  a  local  line  with  heavy  trafiic  on  the  down  grade. 

The  second  arrangement  has  also  given  good  results  in  several  instances. 

To  keep  the  gauge  to  standard  the  •  Seidl  »  cross-lie  has  been  used  experimentally  and  has  also  given 
good  results. 


Frsnell  State  ftailwayB.  —  On  linca  where  llis  rails  a 
areqaciDwIed  by  meani  of  U-shaped  iron  tio-ioilt  to  inc^rosse 

Paris,  Lyons  and  Mediterranean  Railway.  —The  iidqjlion  of  two  pairs  oflie-plalea  for  a  a-s 
39'4  licl  (12  metres)  lung,  lo  iiicreosc  Ihc  resiilancc  to  Llie  loiigitudina!  displacement. 

French  Southern  Railway.  —  To  increase  (be  resistance  lo  lateral  alresEGS  the  Conjiaii;  }bc 
placed  Oil  llio  liiica  used  for  express  Irains  and  lieavj  traffic,  two  addilional  sleepers  per  361  f- 
(11  metres}  length  of  rail  on  currea  of  loss  tlina  19mS  chaias  (400  motrea)  radhu,  and  on  gMdient  a 
Iin50(!0ii>illin]etr*8per  metre)  or  more. 

The  distance  between  lliQ  sleepers  lins  thereb)  lieen  reduced  rroin38'5S  to32*n  iiicl>es(d80  loSH  vs 
limetres).    The  Companjralso  usescbairs  with  a  bread  base  weigUing  31*96  lbs  (1 4'!)  kilograms). 

lo  order  to  pieveot  lateral  displAcement  of  Ihe  outer  rail  ou  carvee,  a  trial  is  being  made  ofa  cK^ 
u'ilb  a  brand  bniie,  liaviiig  Ibjce  boles  for  screw. spikes. 

Fmch  Waitsrn  Railway.  —  No  sperial  meUiod  ol  coaatmctioa  beyond  tlial  of  slpangttwiiin^ 
flsh-pUtea  is  used.     In  certain  caaea,  hou'eFer,  tbc  lateral  displiiceiiient  bos  iKen  couDtcracled  succ^' 
I'uUy,  ia  Iha  case  of  double  roads,  by  connecting  the  sleepers  of  the  two  ronds  witli  tie-rods. 

It  has  hIk)  been  attempted  to  inorease  the  reslslaoca  of  the  uleepers  lo  lateral  moremval  by  dri-«' 
wooden  blocks  iolo  Ihe  ground  at  their  citremities. 

Belgian  State  Rallwajt.  —  Check-plates  have  been  used  to  counleroct  creeping. 

Another  method  of  suocesifuUyOYercoiiiiQg  Uie  longitudinal  slresses  consists  in  joiniug  logeUif^ 
series  of  sleepers  by  iron  tie-rods. 

Dntcll  Railiray  Co.  —  Tie-rods  are  aot  used ;  on  some  curves,  nooden  slakes  arc  used. 


1 


5">  Behat;iour  of  tAe  auperslructure. 

:her  the  lino  answers  the  requirements 
inteoded  to  modify  its  construction  as  u  wliole,  or  in  detail :  giriiij  roo^uns  and  p 


Statements  showing  whether  the  lino  answers  the  requirements  of  ilio  triiDic.  or  wliellior  it  >-  ^^ 


Kaiser  Ferdinands  HardbalU).  —  The  existing  superGtruclurea  are  sulBcicnl  fur  Ihe  actual  mgui- 
rements  (neight  on  the  wheels,  R-991oiis(T  loanes);  mHiimum  tpeed,  49'71  miles  (SO  kilmnelrei)- 

The  modillcBtions  which  have  taken  place  up  to  Ihe  present  (see  section  V-'i)  have  been  caused  by  lb« 
increased  amount  of  necessary  repair,  lij  ihi:  rapid  we^ir  of  Ihe  r<iiid,  and  b}  llie  iiicrcnseil  iiuml"T  nf 
fractures  of  the  rails.  Their  principal  object  Is  to  bring  about  a  i-educlion  in 
nance,  and  an  improvement  of  Ihe  lisli-joinls ;  these  are  recognised  generally  ii 
lion  of  superstructure  as  the  neat  point. 

Privileged  Anstro -Hungarian  State  Railway  Co.  —  The  superstructure  fully  angwer*  the  w^hial 
requirements.  Some  small  modilicatious  only  are  conlemplutcd,  and  are  intended  to  improre  tte 
bedding  of  the  sleepers. 

Austrian  Southern  Railway.  —  The  road  of  the  newest  standard  with  two  bed-phites  l«r  ilteptr, 
answers  ail  the  conditions  required  by  the  increased  speed  ol  Lbe  traina.  At  the  preaent  Itnte,  no 
further  mod iQca lions  are  contemplated. 

Meridional  Railway.  Adriatic  System.  —  The  present  superstructure  fully  ulisfl«a  all  reqvi- 
remenls  of  the  traffic. 

Italian  Mediterranean  System.  —  The  methods  described  above  are  quite  saUsfactorv  oa  lised 
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that  have  easy  gradients,  or  not  too  lieavy  a  traffic.  But  it  is  recognised  that  they  are  not  strong  enough 
for  lines  used  for  fast  trains,  with  a  heavy  traffic,  and  on  which  there  are  steep  gradients  and  long 
tunnels. 

It  is  for  these  reasons  that  a  stronger  method  of  construction  will  be  tried  shortly  in  the  long  tunnel 
of  Ronco,  where  the  conditions  of  traffic  and  gradient  are  severe. 

French  State  Railways.  —  In  order  to  meet  the  increased  weight  of  the  locomotives,  a  comuien- 
cemeot  was  made  in  1892  to  replace  the  rails  weighing  76*6  lbs  per  yard  (38  kilograms  per  metre)  by 
rails  weighing  80*6  lbs  per  yard  (40  kilograms  per  metre).  At  the  same  time,  the  number  of  sleepers 
has  been  increased  on  lines  with  express  trains  by  one  per  rail  of  18  feet  (5*5  metres),  and  two  per  rail 
of  36  feet  (11  metres). 

For  the  same  reason,  the  surface  of  the  base  of  the  chairs  bas  been  increased,  and  the  number  of  the 
screw-spikes  has  been  raised  from  two  to  three,  in  order  to  distribute  the  pressure  ol  the  chair  on  the 
sleeper  as  uniformly  as  possible. 

Paris,  Lyons  and  Mediterranean  Railway.  —  No  modifications  are  in  contemplation. 

French  Southern  Railway.  —  The  road  answers  very  well  for  the  traffic  that  it  takes;  no  modifi- 
cation of  the  present  system  is  contemplated. 

Paris-Orleans  Railway.  —  The  road  described  is  expected  to  resist  a  heavy  traffic  for  a  long 
time. 

French  Northern  Railway.  —  It  is  not  expected  that  the  method  of  superstructure  described  will 
require  alteration. 

Whether  this  is  a  solid  and  lasting  road  (as  is  hoped)  cannot  be  determined  till  several  years  have 
elapsed . 

French  Western  Railway.  —  For  lines,  or  sections  of  lines  traversed  by  express  trains  and  used 
for  heavy  traffic,  bull-headed  rails  39*37  feet  (12  metres)  long  and  weighing  88*7  lbs  per  yard  (44  kilo- 
grams per  metre)  have  been  adopted.  These  rest  on  eighteen  sleepers  generally,  or  in  exceptional 
cases  on  (idecn. 

This  is  based  on  the  following  considerations  : 

1°  The  weight  on  a  pair  of  wheels  of  the  locomotive  has  risen  from  10*83  tons  (11  tonnes)  to  12*80 
(13  tonnes)  and  even  to  14  '76  tons  (15  tonnes) ; 

2°  The  speed  of  the  express  trains  has  risen  from  37*28  miles  (60  kilometres)  an  hour  to  43*50  and 
46*61  miles  (70  and  Ih  kilometres)  an  hour,  and  the  drivers  in  order  to  make  up  lost  time  are  allowed  to 
run  up  to  55*93  miles  (90  kilometres)  an  hour; 

3°  The  steel  rails  wear  uniformly,  and  the  amount  of  wear  may  attain  0*591  inch  (15  millimetres) 
without  necessitating  their  condemnation. 

The  thickness  of  the  head  of  the  rail  has  been  increased  by  0*472  inch  (12  millimetres)  to  allow  for 
wear. 

An  amount  of  wear  of  0' 669  inch  (17  millimetres)  can  therefore  be  allowed  without  being  injurious 
instead  of  0*197  inch  (5  millimetres)  on  the  original  rails  of  78  1  lbs  per  yard  (38*75  kilograms  per 
metre). 

On  the  other  hand,  reversing  the  steel  rail  which  has  come  to  its  extreme  degree  of  wear,  is  no  longer 
possible,  hence  the  adoption  of  the  bull- headed  section . 

The  section  of  the  new  rails  allows  us  to  use  the  same  chairs  as  those  used  with  the  rails  weighing 
78 '  1  lbs  per  yard  (38  *  75  kilograms  per  metre). 

Belgian  State  Railways.  —  The  road  laid  with  rails  weighing  104*8  lbs  per  yard  (32  kilograms 
per  metre)  answers  the  requirements  of  a  very  heavy  traffic,  especially  on  the  line  from  Brussels  to 
Antwerp,  and  from  Brussels  to  the  Grand  Duchy  of  Luxemburg. 

No  modification  is  contemplated. 


on  o(  moclirjing  llie  supers  I  rut  lure;  llie  rojd 

Egyptian  RailwaTS.  —  The  construclion  of  the  road  laid  witli  pol-sleepers  and  spring  k^yslias 
odequcilel;  answered  tlie  requirement 9  of  Ihe  IrnlUc  Without  batUsl  it  (onas  a  good  road,  eisj  lo  IcMp 
in  order  and  giving  smooUi  running.  Il»  higher  cost,  eslimal^d  in  198S  at  /  329  and  in  IS9I  at  £  30i 
raoTe  per  mile  than  that  of  tlic  ISS9  type  of  Vigiioles  roads,  is  the  chief  reason  for  their  disuse.  Po(- 
slei  pers  are  not  suitable  on  damp  soils .  or  \rhere  ■  gravel  ballast  is  neceasar} . 

Rnsiion  State  Railways  (St.  Petersbnrg  to  Warsaw).  -—  The  type  of  road  iu  use  oa  tbis  line 
full;  Hiitislies  the  rpquirenieiila  of  the  trallip .     No  change  is  contempl.iled. 


6"'  Dj/namk  aclion  of  the  trains. 

Keaulta  obtsiaed  in  overjdaj  practice,  or  froni  special  oxperimeoti  (lateral  and  fei'tical 
forces). 

Metliods  and  opparatus  mod  to  delormine  Ibe  forces  eieHed  on  the  superstructure  by  llie 
vehicle.'. 


Kaiaer  Ferdinands  Nordbahn.  —  Sea  aulc.aecouol  of  eiperinionts  for  delermining  phoiogr^iphi- 
caily  the  [iiovoQientoftlic  rniU. 

Paris,  Lyons  and  Hedlternuaan  Railway.  —  Vide  CoQard  on  eiperimenlat  nwarchei  OD  the 
condition*  of  stabiliE;  of  lines  laid  with  steel  rails  {Reeue  gtniraU,  October  and  December  1887, 
Jul;  1S8S,  and  SepUmber  1889). 

Belgian  Stata  Railways.  —  Vide  Uie  communications  oaeiperimeuts  concerning  Ihsfleiibilitj  of 
the  road  made  by  M.  Huberti.  (Account  of  the  proceedings  of  the  lulernational  RaiLwaj  Congress, 
volumes, question  XXXtll, page  13.) 


""'  Mtasiires  taken  to  give  existing  lines  gretOer  capacity. 

Is  it  proposed,  in  vievr  of  an  increase  of  speed  in  the  immediate  future,  to  strengthen 
lupoi'struclure,  or  to  alter  the  method  of  construction  of  the  vehicles? 
What  methods  of  construction  bavo  alreadv  been  adopted,  and  with  what  reiulC  I 


Kaiser  Ferdinands  Kordbabn.  —  A  higher^peed  ihan  55 '9S  miles  (90  kilometres)  an  hour  is  not 
permitted  by  liiw,  %o  Itial  al  present  there  is  no  reason  to  think  of  measures  (o  be  taken  to  moke  a 
higher  speed  possible. 

Up  to  the  present  the  measures  odopted  to  give  existing  lines  Ihe  requisite  resistance  are  as  follows : 

!■'  The  number  of  sleepers  has  been  raisfd  from  eleven  lo  twelve  for  rails  20  &S  feet  (9  metres)  long. 
nhich  reduced  the  space  between  the  sleepers  toSfeel6  Tl  iucbes  fiS  centimetres).  (SeeSactioD  1II-7.) 

£"''  The  sleepers  employed  are  8  feet  iO'3  inches  (21  metres)  long,  inslcad  of  7  feet  lO'S  inchn 
(£'4  metres).  (See section  l\\-2.) 
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These  two  measures  will  diminish  the  sinking  of  Ihe  sleepers  into  the  ballast  and  hence  a  firmer  road 
and  a  smaller  cost  of  maintenance  will  result. 

3*^  The  use  of  wedge-shaped  bed-plates  in  order  to  avoid  the  necessity  of  adzing  the  sleeper,  thus 
tending  to  the  preservation  of  the  latter.  (See  section  111-3) 

4^1^  The  adoption  of  a  standard  length  for  the  rails  of  41  feet  (12*5  metres),  instead  of  29*52  feet 
(9  metres),  in  order  to  reduce  the  number  offish-joints. 

5ih  xhe  use  of  chair-plates  to  increase  tlie  supporting  surface,  and  improve  the  attachment  of  the  rails 
to  the  sleepers,  in  order  to  obviate  the  injurious  torsion  that  the  rail  experiences  at  the  fish-joint.  (See 
section  I1I-3.) 

6^  The  use  offish-plates  of  a  harder  mild  steel  in  order  to  reduce  the  wear  of  the  bearing  surfaces  of 
the  fish-plate  to  a  minimum. 

7^  Drilling  instead  of  punching  the  bolt-holes,  in  order  to  strain  the  metal  as  little  as  possible,  and 
thus  reduce  the  chance  of  breakage. 

8***  Increasing  the  diameter  of  the  bolts  from  0*748  inch  to  0*  866  inch  (19  to  22  millimetres). 

9*^  Increasing  the  length  of  the  fish-plates,  and  in  consequence,  the  number  of  the  bolts  from  four  to 
six  per  fish-joint,  in  order  to  obtain  a  better  contact  between  the  rail  and  the  fish-plate,  and  obtain  more 
useful  service  from  the  latter.  (See  section  III-5.) 

10^^  In  the  case  of  superstructure  with  chairs  and  plates,  to  make  the  inner  fish-plate  take  against  the 
clip-plate  so  as  to  resist  creeping  more  effectually  and  to  prevent  the  bending  of  the  bolts. 

I|ih  fhe  use  of  packing  pieces  in  the  case  of  the  fish -joints  which  have  become  loose.  (See  section  V-3.) 

Results  showing  the  success  of  the  measures  have  not  yet  been  determined . 

However,  an  advantageous  result  has  already  been  obtained  by  incr<>asing  the  number  of  sleepers, 
as  the  number  of  those  becoming  loose  has  been  decreased,  and  the  cost  of  maintenance  has  been  reduced. 
It  is  intended  to  use  fish-plates  of  a  somewhat  stronger  section ;  both  fish-plates  to  bear  against  the 
plates  (wedge  shaped  and  chair-plates),  which  will  give  a  maximum  resistance  to  creeping.  This,  however, 
has  not  yet  been  carried  out. 

Meridional  Railway.  Adriatic  System.  —  On  some  sections,  the  number  of  sleepers  per  rail 
has  been  raised  from  10  to  11  for  lines  having  rails  29 '52  ft.  (9  metres)  long,  and  from  13  to  14  for  lines 
with  rails  39*37  A.  (12  metres)  long. 

Paris,  Lyons  and  Mediterranean  Railway.  —  The  adoption  of  bogie-engines  for  express  trains. 
(Revue  gM^rale,  January  1894  ) 

The  locomotives  of  the  1879  type  with  two  coupled  axles  in  front  of  the  fire-box  and  with  leading  and 
trailing  wheels,  have  been  converted  into  bogie  engines  with  the  driving  axle  in  front  of  the  fire-box  and 
the  coupled  axle  behind  it. 

The  boiler  was  shortened,  the  diameter  of  the  boiler  tubes  was  increased,  the  fire-box  and  the 
cylinders  were  brought  nearer  the  centre  of  gravity ;  the  wheel  base  was  lengthened. 

All  these  modiflcations  combine  to  increase  the  steadiness  of  running,  and  to  diminish  the  lateral 
stresses. 

The  weight  of  the  locomotive  in  running  order  has  been  diminished  by  1  *  13*2  ton  (1,150  kilograms). 
The  shortening  of  the  boiler  has  been  accomplished  without  reducing  its  output  or  increasing  the 
consumption  of  fuel,  by  the  substitution  of  tubes  of  2*559  inches  (65  millimetres)  external  diameter  for 
those  oi  1*969  inch  (50  millimetres)  external  diameter. 

These  converted  locomotives  have  reduced  the  time  from  Paris  to  Marseilles  535*7  miles  (862  kilo- 
metres) by  14  to  56  minutes. 

The  average  speed  is  38  *  96  miles  (62  *  7  kilometres)  to  39  *  48  miles  (63  53  kilometres)  per  hour.  The 
loAd  is  206 '7  tons  (210  tonnes).  Perfectly  smooth  running  is  obtained,  even  up  to  a  speed  of 
71*46  miles  (115  kilometres)  per  hour. 

Paris4hieans  Railway.  ~  The  management  in  its  letter  of  reply  to  the  questions  asked  gives  the 
foUowiog  infennation. 
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Putting  uri  oil*  side,  llie  Vignoles  raiU  wdghin){  60'^  and  72'i;  lbs  per  yard  (30  and  36  liilagrailu  ^  ' 
innlr*j,  wliieh  «o  arc  gradually  doing  avaj  n-itli;  tlie  stAtiilanl  road  on  our  syslKm  is  one  wiUi  ■jmmt- 
trical   duubl^-tinndod  raila   Treigbinc  76-<i   lbs  p«r  jard   (38  kilugrums  per  metre)  with  a  nup«iidM 
ftih-joiril.  and  chairs  weighing  SO'94  lbs  (9  5  kilugrams)  each. 

Before  18t>4,  Ibe  length  of  Ibe  raits  was  18  feet  (5'5  metreaj  carried  on  sii  ale«pera.  Since  I8N,  *s 
onlr  iiM  mils  3li  feet  (11  metres)  long,  and  ve  Ii«v«  2A&5  miles  (4,000  kilometres)  of  Eingie  lino  laid 
viib  Uien.    The  rail  of  36  feel  [It  metrM)  resti  oo  twelve  sleepers. 

In  1099,  wo  adopted  «  new  Ijpe  of  strengthened  superstructure,  with  bull-headed  rails  weigluDC 
84-7  lbs  per  yard  (42  kilograniB  per  metre)  «nd  n  chair  of  ¥3-6  lbs  (18  kitogramsl. 

The  iitreiigtlieiied  chair  Hta  the  ordinary  rail  weighing  IQ'6  lbs  per  yard  (38  kilogrami  per  nietn); 
tbe  strengthened  rail  Ilia  our  ordinary  chnirs  used  for  rails  weighing  76'G  lbs  per  yard  [3S  kilogranls 
per  metre). 

Both  types  of  road  were  described  in  the  Jleriie  gitiirale  det  chemhu  de  fer  for  July  tS92,  in  ai 
article  which  gave  the  reaiont  relating  to  the  etrongcr  constructlou. 

This  type  of  strengUieaed  auperilructure  will  be  gradually  substituted  for  the  old  type  o: 
line  from  Paris  to  Bordeaux  (361'T  miles  [5E2  kibmetres]  of  double  line). 

We  clinnge  the  cliairs  independently  of  tlie  rail  when  w«  renew  the  sleepers.  We  baitanp  lollw 
present  put  in  heavy  nilaoii  half  the  line,  and  beavy  chairs  on  a  fillh  of  it. 

We  htive  alao  |>iit  in  the  strengthened  form  of  superstructurs  >t  certain  spocial  points,  tnch  aa  ltf|» 
tuuneU  and  lung  iron  bridges. 

I'he  fact  or  the  two  types  being  inlercbangeable  allows  us  \f>  make  local  additions  to  the  ttrengthof 
the  line.  We  thus  apjily  the  beavy  rail  witii  the  ordinary  chair  on  certain  ECclions  at  a  gradient,  wban 
the  numbar  end  weiglit  of  heavy  (rains  descending  the  gradient  with  the  brakes  on  cause  etceptionml  weir. 
We  also  uso  the  heavy  chairs  and  ordinary  rails  on  sharp  curves  of  I9'BS  cliajaB  (400  metres)  radfau 
and  Imb  ou  grulienla.  Also  we  have  recourse  to  a  third  method  of  strengthening  the  road,  tilt 
liicrensing  the  number  of  sleepers. 

At  til*  present  lime,  we  have  1,101  miles  (1,773  kilomclrcn)  of  single  line  provid«l  with  seven  steepara 
inalead  of  sit  per  rsil  18  feet  (B-5  metres)  long. 

Wt  do  not  intend  to  carry  Ihta  system  of  etrengtbening  the  roait  any  farther;  it  introduces  considerable 
ettra  roat  for  m 


French  Weatem  Railvay-  —  As  already  stated,  the  construction  of  the  tine  has  been  slreng- 
tlirnod  liy  subslitiiUnF:  bull-beaded  sleel  rails  weighing  RS-7  lbs  per  yard  (44  kilograms  per  metre)  for 
•yminelrical  double-lic.nded  sleel  rails  weighing  79-1  lbs  per  yard  (38'75  kilogroms  per  metre).  In 
Hilililion,  methods  for  strengthening  Hie  ll»h-joinls  are  being  considered.  The  flab-joInt  described  iu 
••ctiiiii  V,  3,  is  tlie  Srsl  step  in  our  eiperimcnts. 


Bolgian  State  RailwaTl.  —  The  type  of  road  with  i 
[>*r  meir*]  having  great  reaiatance,  there  hna  been  no  owi 


rail  104-B  lbs   par  jard  (Se  kilognuni 
•ion  to  Qonstder  this  qiiaslioa  np  to  the 


Dutch   Railway   Co.  —  No  changes   ■ii'e  intended   in   the   near  future  either  in  the  permanent 

way,  or  in  the  cunstruction  of  Uie  locomotives, 

Elfyptlan  RailwajB.  —  No  alips  have  been  taken  to  tnerease  the  resistance  offered  by  the  roads 
l«lil  H'itli  pol-tlrvprrs,  but  our  Administration  has  decided  lo  completely  renew  the  ItH  1/2  milrs 
lVCt7  klluniutro)  ol  double  line  belueen  Cairo  and  Aleiandria,  und  the  wnrit  has  been  alrewdy  li^n 

Vlfnolia  rafls  weighing  84'7  lbs  per  yard  (4!  kilograms  per  metre)  with  two  angular  ath-pUlee 
■I  aacli  A>h-;olnl,  will  be  employed.  Tttt  (oad  will  be  ballasted  with  gi^avtl  or  broken  stone 
D  UIT  Iu  r>  Q(W  inches  {i<i  lo  15  centimetres)  thick  under  the  ilsepers. 

Tlia  slaepan  will  be  diiedy  oak  Uom.  Aaia  UJaor  or  Tujkey.  Judging  frcm  Ute  IS  43  milaa 
IIO  kllomstraa)  of  road  already  renewed  (April  1894)  with  Vignoles  mils  weighing  84*7 


lbs  per  yard       I 
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12  kilograms  per  metre),  this  type  of  road  will  perfectly  answer  all  the  requirements  of  necessary 
lability,  even  if  the  speed  of  the  trains  and  the  weight  of  the  locomotives  should  be  increased 
saterially. 

Russian  State  Railways  (St.  Petersburg  to  Warsaw).  —  At  present,  there  is  no  intention  to 

low  a.  greater  speed  for  the  trains,  and  in  consequence  the  construction  of  the  permanent  way  or 
e  locomotives  will  not  be  modified. 


APPENDIX    X.     (BElLAGIi    X.) 


Average  make  up  of  trains. 
(Darohsolinittliolie  Zoaunmeiuetzaii;  dar  Zngigwmitimn.) 


EXPLANATION. 

,,  „,  (  ^  Numbers  of  cars  of  each  kind.     The  Sjnires 

Muc&zahl  Wagen )  ,        ^,      ,._       ,  1.1.  , 

A      111  w/  )  above  the  different  cars  sbow  how  manj  of 

^^ (  the  kind  there  are  oa  the  train. 

Richtung  von  Wien ^  From  Vienna. 

—       nach ^  Towards  Vienna. 

Oepftckswagen =  Luggage  van. 

PostambutanKwageu =^  PoBtal  car. 

Gokuppeltcr  Postambulanzwagcn     .     .     .  =-        —         Twin  travelling  post  office. 

Packmeisterswagen :=  Parcel  van. 

Qedeckter  Outer  wagen =  Covered  goods  w^on. 

Offencr  Gutcrwag^^n —  Open         ~-        — 

Schlatwagen =  Sleeping  far. 

Milchwagen =  Milk  van. 

Fleischwagen =  Meat  ^■an. 

Kohleiiwagon =■  Coal  wagon. 

Speisowagen =   Van  for  market  produce. 

Achsdnicke ==  Aile  lo,id. 

Loerc  Wagen =  Empty  wagons. 

Beladetic  Wagen ^  Loaded      — 

Radstand =   Distance  between  ailos. 

Im  Mittel =  Average. 
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Gross  tonnage  : 

Locomotive  and  Tender 62-2  tons 

Wagons    .•^: 405-2  — 

Total.     .     . 


Towards  Yicnyia. 

Locomotive  and  Tender 62*2  tons 

Wagons 900-6  — 

Total.     .     . 


(63-3^) 
(411 -9«) 


467-5  tons      (475-2*) 


(63-3*) 
(915-1*) 


962-8  tons      (978-4*^ 


B.  Vienna-Brunn  Line. 
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Gross  tonnage': 


Locomotive  and  Tender 
Wagons     .... 


72 -5  tons 
121-8  — 


Total. 
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II.  —  Austro-Hungarian  State  Railway. 

Express  trains. 

9-10  wagons  with  4  or  6  wheels  : 

Distance  between  i  4  wheeled  carriages  1 6- 1 8  ft . 

axles.          i  C  wheeled  carriages  1 1*4  -|- 1 1  •4=»22-8ft. 

Axle  load 5-43-6-06  tons 

Gross  tonnage  : 

Locomotive  and  Tender 70*8-  71*71  tons 

Wagons 104-4-124  98  — 

Total.     ,     . 

Ordinary  passenger  trains. 


(4  9-5-5  m) 

[3-5  +  3  5  ^70m) 

(5-53-6- 17*) 

(72  0-  72-87») 
(106-1-127-0*) 


175-2-196-69tons     (1781.199-87*) 


n 


Q-QQ 


11-16  wagons  with  4  wheels  : 

Distance  between  axles     .     .     . 
Axle  load 


11  4-16  ft.       (3-  5-4-9m^ 
4-59-5-68  tons  (4-68-5-78*) 


t/t      ^     »o    o>  o> 
j;       rt%     0\    Oi  o* 


Gross  tonnage  : 

Locomotive  and  Tender     .       53  0-  725  tons  (53-9-  72-87*) 
Wagons 99-4-171-6  —  (101-0.174-4*) 

Total.     .     .     152-4-244-1  tons(154-9-247-27*) 


Omnibus  trains. 

7-18  wagons  with  4  or  8  wheels  : 

Distance  between  j  4  wheeled    .     . 
axles.  I  g      


Axle  load  . 


•  • 


11 -4-16  ft.     f3-5.4-9»n) 

4-2-4-9  ft. 

(1-3.1-5W.) 

3-09-4-06  tons  (315.4-14*) 


17-20-6  ft.     (5-2-6-3) 


Gross  tonnage  : 


Locomotive  and  Tender    .....       53-0-  53-87  tons    (53  9-  54-75*) 
Wagons 68-7-106-78  —       (69  9- 108  5*) 

TotAl.     .     .     121-7-160-65  tons  (123-8-163-25*) 


Mixed  trains. 


a  to  V* 
a»  ooo» 


20-30  wagons  with  4  wheels  : 

Distance  between  axles 11-4-16  ft.       (3'5-4*9m) 

Axle  load 4-5-5*6  tons  (4-6-5-17*) 

Gross  tonnage  : 

Locomotive  and  Tender 59*5-  67-2  tons      (60*6-  68-3*) 

Wagons 168-0-306-0   —  (177'8-311-0*) 

Total.     .     .    227-5-373-2  tons  (238-4^ 
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•  ' I • 


C^«¥A</.t^ 


Ocbcb 


Express  goods,  goods,  coal  trdins,  etc. 

37-55  wagons  with  4  wheels  : 

Distance  between  axles 8*  2-14*  7  ft. 

Axle  load 4*37-  501  tons 


Gross  tonnage  : 

Locomotive  and  Tender      ....      5964-  70*9  tons  (< 
Wagon 366-79-501 -9  —  (3" 

Total.     . 
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oi  00  cn 


.    426-43.572-8  tons  (41 


J 


ni.  —  Soathem  of  Auatria. 

No  data. 


IV.  —  Oofhard  Railway. 

No  information  was  given  on  the  make  up  and  tdhnage  of  the  trains. 


Types  of  express  locomotives. 
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V.  —  Italian  Meridional.  Adriatio  System. 


Express  trains.  —  Milan-Bologna-Rome. 
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Gross  tonnage  : 

Locomotive  and  Tender 72*7  tons    (73-9*) 

Wagons 98-4  —   (100  0*) 

Total.     .     .  17 M  tons  (173-9*) 


Express  trains,  fast  and  medium. 


t3  ti     ^ 


5-9  passenger  cars. 
1-3  goods  wagons. 


Axle  load 


Passenger  cars. 


4-75  tons  (4-84^) 


Goods  wagons 4-47-6'405  —  (4-555-6-575*) 

Gross  tonnage  : 

Locomotive  and  Tender      ....       56*23-  72-92  tons  (57-15-  74  P) 

Wagons 56-58-1 19*28  —  (57*5  -126-6*) 


Total. 


112-81.192*20  tons  (114  65-200*7*) 


L 


nca 


?=rs(?H?)    AAf^ 


sS  *  s      ^  fe  ? 


5-9  pasBcnger  cars, 
1-3  groods  wagons. 


(Goods  wagons.      4-47-6-405  —    (4-55M-5^ 


-^1 


;?i?j 


Cross  tonnage  : 

Locomotive  and  Tender.     56  23- 72-92  tons    i57-15- 74       *" 
Wagons 5658-119-28   —      (57-5 -I26*  '  ^ 


Total.  .  .  112-81.192-20  tons  (11465-200  "  -  O 


iji  (?)  I?    n  -  (L- 


ijiCj^     Ajv^ 


Omnibus-tmins. 


5-9  passenger  cars. 
4-8  goods  wagons. 

(  PaEsenger  care. 


4-75  tons  (484'] 


III        5^3 


I  Goods    wagons.    4-47-6405   —  [4-555^-* 

Gross  lonntige : 

Locomotive  and  Tender.     483  -  71-68    tons  (49-1- 'K"' 

Wagons 83-45-187-3I     —  [84  8-1  ^^  J 

Total. 


l31'75-258-90toni  (I330-i 
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Ordinary  goods  trains. 
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16-42  loaded  gotids  wagoiis. 

3-20  empty  goods  wagons  : 
/  Loaded  goods 

\    -wagona.  .  .  4-47-6'405  tmiK  (4-555-6-57S 
4ile  loads  \  T-     1  J 

y  Empty    goods 

(    wagons  .  .  3  14  —    (3205') 


Locomotive  and  Tccidor.  ,     50-3-  84'3  tons    |i51*2-  fVi" 
Wagons 22.j«-fiflt)-l  —    (22'J-6-CS0-: 


Total.  .  .  27C'2-754-0  Ions  (280-8-76C-; 


VI.  —  Mediterranean  of  Italy. 

No  iiifoiination  scul. 
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VII.  --  Sicilian  Railway  Company. 

No  information  sent. 


Vm.   —   French   State  Railways. 


Express  trains  with  bogie  carriages. 
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Gross  tonnage  : 

Locomotive  and  Tender 54*3  tons    (55*2*) 

Wagons 104-3   -  (1060*) 


Total. 


158-6  tons  (161-2*) 


^fSi:^4ca4/K^^.- 


Ordinary  express  trains. 
/•  V  S 


Gross  tonnage  : 

Locomotive  and  Tender 54-3  tons    (.55*2*) 

Wagons 80-7   —     (820*) 


Total. 


135  0  tons  (137-2*) 


Uninilmtt  traius. 
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£233 Q::J1 0-     0 CI  ■    9        fj^      n       fS-  --f^ 


Locomotive  and  Tender 
Wagong 


51  8  tons     (52-7t) 

70  8   —       (72-0') 

Total.     .     .       122-8  tons   (184-7') 


^MJi/K^ 
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I   •;             \    t  \          \    «i          i  :;  J 

Gi'OBS  lonnnge  : 

Locomotive  and  Tender 51-8  tons      (527') 

Wagons 72-1   —       (73-3') 


Total.     .     .       123-9  tons    (126-0^) 
(^oods  trains. 

/  /9  'J 


C^PKft^        (^   Cl        Q t^        f-1 -O       (^-■■■<|l. 


Gross  tonnage  :  ' 

Loi-omntivc  and  Tender 73-5  tons  (74-7'l 

Wagons 178-71    —  fiei-7'] 

Total.     .     .  252-21  tons  (256-4') 
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XII.  —  Northern  of  Pranoe. 

The  following  patterns  have  been  rliosen  from  anion?  nur  Iwomotivc  designs  : 

Express  locomolives. 


:hi(fKf) 


^  (p^ 


r^  cp  Co 


Xm.  —  Western  of  Pranee 
Patteni  of  the  most  piwcrful  express  loooiiioiive  in  i 


^t£mt**'*t*p'*4"' «  n  H^ 


ir^ 


a  S   S   §        Sss 


Distance  bctwt^t 
fi  wheeled    . 
B  wheeled     .      .      . 


fa 


ACT^TTO      (^-^k 


\^\%\k 


Belgian  State  Railways. 

Express  trains. 


Locemotiv 
Wagnns 


;  U  ^    / 
a  a  B   e       s  5  s 

Ordinary  passenger  trains. 

8-11  wagons  :  io82-178-8  tons  (110-181') 

Light  (rains. 

5.8  wagons  :  49-2-75-7  tons    (50-7?'} 


.     11-4+11  4  =  22-8  ft.    (3-SH-3-5=7i 
29-8—    (9-1  m) 
7-2—    {8-8».) 

Croes  tonnage  ; 
audTendcr.     ,     .       81-92   83'22  tons    (83-25-  84-51 
92-5  -IGfiSS   —    l94-00-169-0( 

Total.     .     .     174-42-249'54t0Q*(177-25-253-5( 

(loodH  trains. 

2^.32  wagons  :  2'i9-66.434-03  tons  (274-141') 

Railway  service  trains. 
11-18  wagonB!  1200ft-351-36tona(12a^7') 
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XV.  —  Dutch  Railway  Company. 


m€mJuTll!^< 
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Express  trains. 
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Locomotive  and  Tender 
Wagons 


Gross  tonnage 


Total, 


k4bB  i 


I 


en 
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CO 


40 


74-88  tons    (76.1*) 
139  25  —   (141.5*) 

21413  tons  (217.6*) 


10 


€mJt/'Mm^0^ 
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Through  passenger  trains. 
J  J  Z 


^/r& 


ID  S  CO 


fi:i/uif6^. 


i»  50    j 


Q- — Q 
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I 


Gross  tonnage  : 

Locomotive  and  Tender.     67  41  tons   (68.5*) 
Wagons 129  60  —   (131.7*) 

Total.  .  .  19701  tons  (200.2*) 


in 


^f999^K^^  w^I^9^W 


u\         in 


Ordinary  passenger  trains. 


JZff 
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K3-375f33Kii 
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CO 
CO 


10 


to 

CO 


Gross  tonnage  : 


Locomotive  and  Tender 
Wagons 


Total. 


63  27  tons    (64.3*) 
91-32   —    (92.8*) 

154-59  tons  (157.1*) 


'.^Um, 


jref. 


!«  to 


jte^ 


Omnibus  trains. 


]f^7ry 


(ft ^       Ct» — (^       (&• — Q 
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Gross  tonnage  : 


L(x:omotive  and  Tender 
Wagons 


Total, 


40  14  tons  (40. 8*) 
51-30   —  (52.2*) 

91  50  tons  (93.0*) 


Asc=3 
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SSS  S     sss 
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Q.C2F0    ortfi 

Express  goods  trains. 
25  wagons. 

Gross  loiiim^c  : 
■?  and  Tender  ,     Ii7  41-74-5S  tons     iiiB*5-76-l') 


fac::^ 

t   ;   i      t  ;  i 

(ioods  trains. 
60  waginis, 

iuiJ  T^jiiA-r    ....   r,a'09i(«iB   (fi3-i') 


XVI   —  Egyptian  Railways. 


Express  trains.  —  Cairo-Alcxanilria. 


k'silB'!  ?ZO»J[li  is-flsijDSi  f3I8*S-*8J  ts]S*31S< 


Gross  lonnagc  : 

Locomotive  and  Tcndof       ...          .,..,.       64.9    tons    i66'| 
Wagoas 109-24   —  (111') 


Total  174-14  tons  (177' 

Express  Irdins.  -  Cairu-lsmaila. 
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riros.s  tonnage  : 

Locomotive  and  Tender  ..........  fi4-9    tons  (65') 

Wagons 1I859  —  (121-Sff) 

Total.     .     .  183-49tons(l87-50'> 
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WB^KC^V^WV^  ^m^w^Pl 


Express  trains.  —  Cairo-Girgueh. 
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Gross"  tonnage 

Wagons 21809   — 

Total 

Local  ti*ains. 
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tons    (66*) 
(221 -6^ 


282-99  tons  (287-6*) 
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l-iocomotive  and  Tender 
Wagons     .... 


Gross  tonnage  : 


Total 
Mixed  trains. 


64-0    tons    (60  0*) 
173-70   -   (170-5t) 

238-6    tons '242  5*) 
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Locomotive  and  Tender 


Gross  tonnage  : 


64-9    tons    f()6^; 


Wagons 269-75  —    (274-1*) 

Total. 


334-65  tons  (340-1*) 


Goods  trains. 


4^4^. 
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Gross  tonnage  ; 

Locomotive  and  Tender 64-9  tons    (66*) 

Wagons 503-9  —   (512*) 
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Passenger  trains.  ->^ 
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St.  Petersburg-Warsaw. 
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Gross  tonnage  : 

Locomotive  and  Tender 56*33  tons    (57-96*) 

Wagons 216-89  —  (220-38*) 

Total.     .     .  273-22  tons  (278-34*) 
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Mixed  trains.  —  Bielostok-Warsaw. 
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Total. 


57-57  tons    (58-5*) 
178-13  ~  (1801*) 

235-70  tons  (238-6*) 
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Gross  tonnage  : 

Locomotive  and  Tender  57-66  tons   (58-59*) 

Wagons 531-4     —  (54000*) 


Total. 


58906  tons  (598-59*) 
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SECTIONAL    DISCUSSION 


J 


-o-ali^o^ 


July  1,  1895,  at  10  a.  m. 


President  :  Richard  JEITTELES 

Mr.  Ast,  reporter  for  non- English  speaking  countries.  (In  French.)  —  The  require- 
xnents  of  the  travelling  public  as  to  speed  and  comfort  make  it  the  duty  of  Adminis- 
tirations  to  investigate  with  the  greatest  care  what  measures  ought  to  be  taken  to 
satisfy  these  wants  and  still  maintain  the  principles  of  economy  and  safe  working. 
Cefore  all  things  they  must  consider  the  manner  in  which  the  permanent  way  is 
laid,  the  construction  and  weight  of  engines,  and  not  forget  the  relations  which  the 
:Broad  and  the  load  on  it  bear  to  one  another. 

The  International  Railway  Congress  has  previously  taken  up  these  subjects  and 
:sreports  written  by  extremely  capable  engineers  have  to  a  great  extent  helped  to 
^jolve  the  question. 

The  question  which  appears  first  on  this  session's  programme  is  of  the  highest 
importance. 

Having  been  called  upon  by  the  International  Commission  to  report  on  what  has 
Il)een  done  by  Administrations  in  other  than  English  speaking  countries,  I  have 
-endeavoured  to  solve  the  following  problem  : — 

To  what  extent  does  the  ordinary  construction  of  the  permanent  way,  on  lines 
upon  which  trains  travel  at  high  speed,  fulfil  present  requirements,  and  by  what 
^*  means  can  it  be  modified  to  satisfy  increased  requirements?  " 

My  duty,  according  to  the  wording  of  the  question  as  adopted  by  the  International 
Commission,  was  to  define  a  system  of  permanent  way  suitable  for  lines  traversed 
by  fast  trains,  and  to  show  methods  of  gradually  strengthening  existing  roads  so  as 
to  permit  of  an  increase  in  the  speed  of  trains. 

The  section  and  composition  of  the  rail,  the  rail  connections,  the  sleepers  and 
ballast  must  therefore  all  be  taken  into  consideration. 

I  have  found  the  field  well  prepared  by  the  former  discussions  of  this  Con- 
gress. 

I  studied  the  information  contained  in  the  Congress  publications  and  I  was  led 
•to  analyse  them.    To  this  1  have  added  my  own  personal  experience  and  embodied 
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the  whole  in  two  notes  published  in  the  Bulletin  under  the  followinf;  titles: 
"  La  question  tic  la  superstructure,  "  and  "  Les  traverses  de  cbemin  de  fer  el  leur 
assise". 

In  these  two  notes,  I  have  endeavoured  lu  show  that  it  is  impossible  to  strengtheu 
the  permanent  way  beyond  a  certain  limit. 

The  boundary  line  is,  to  begin  with,  drawn  by  it  being  necessary  to  use 
certain  definite  materials  tor  ballast  and  foundation,  and  secondly  by  the  dimen- 
sions and  number  of  the  sleepers,  which  are  limited  by  the  gauge  of  the  line 
and  because  they  must  be  laid  far  enough  apart  to  allow  of  their  being  properly 
packed. 

The  note  on  "  Les  traverses  et  leur  assise  "  is  intended  to  point  out  the  great 
importance  of  sleepers  and  how  they  are  laid  in  railway  construction. 

The  table  giving  information  on  tlie  relative  resistance  of  sleepers  shows  that  for 
fifty  sleepers  in  use  the  coetficient  of  resistance  varies  as  one  to  ten  and  thai  the 
length  of  the  upper  surface  of  sleepers  viiries  as  one  to  two. 

The  point  is  of  all  the  more  importance  in  that  the  pressure  of  the  ballast  torres- 
ponds  with  the  dimensions  of  the  sleepers  and  how  the  latter  are  distributed,  and 
in  that  it  is  the  pressure  on  the  ballast  which  is  what  primarily  affects  the  cost  of 
maintaining  the  permanent  way. 

If  it  be  admitted  that  a  good  road  is  proved  so  by  maintenance  being  easy  and 
cheap,  we  arrive  at  the  conclusion  that  in  the  construction  of  a  good  line  it  is  abovp 
all  necessary  to  thoroughly  investigate  the  principles  that  govern  the  arrangement- 
of  the  sleepers  and  ballast. 

These  principles  are  discussed  in  the  two  above-mentioned  notes  which,  sq  Up- 
speak,  constitute  an  essential  part  of  my  report.  As  they  contain  the  tlteoretit? 
principles  accepted  at  the  present  time,  it  remains  for  us  to  consider  the  results  of* 
practical  experience. 

With  this  object  in  view.  I  sent  out  a  detailed  list  of  questions  to  Administrations 
afHItaled  to  the  Congress  on  the  construction  of  and  strain  on  main  line  iwrmanent 
way,  and  upon  how  it  stands  trafiic. 

A  targe  number  of  Administrations  have  sent  in  very  full  informalion  and  I  look 
upon  it  as  a  very  pleasant  duty  to  tender  them  my  most  hearty  thanks. 

This  information  I  have  put  together  in  tlie  appendices  to  my  report,  and  1  must 
express  my  sincere  regret  that  the  time  at  my  disposal  has  not  allowed  m»  to 
derive  therefrom  all  the  advantage  which  a  more  profound  analysis  would  have 
enabled  me  to  secure  from  different  points  of  view. 

It  is  somewhat  dilticult  to  find  any  common  basis  upon  which  to  comparv 
methods  of  conslruclion.  for  these  differ  according  to  the  conditions  under  which 
Uiey  exist. 

I  had  to  give  up  the  ide<i  of  basing  my  comparison  on  cost  of  maintenance, 
especially  as  several  of  the  replies  on  this  point  were  incomplete. 

I  was  obliged  therefore  to  confine  myself  to  comparing  the  different  methods  of 
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pemaneat  way  construction  and  their  principal  elements,  and  to  take  bb  a 
ttusi  r  theoretic  carrying  caparily. 

TJie  inforinalion  received  in  reply  lo  the  deLiiled  list  of  questions  does  not 
tenable  one  to  draw  aliy  definite  conclusions  upon  what  a  typical  permanent  way 
should  be. 

In  fact,  the  methods  of  constmclion  ehiployed  by  the  different  companies  vary 
tsxtrcmely,  and  most  striking  differences  exist  in  the  figures  supplied  on  the  weight 
of  t-hc  rails,  the  number  of  the  sleepers,  the  dimensions  of  the  latter,  the  area  of  the 
packing,  etc. 

At  first  sight  one  might  be  templed  to  think  that  ihe  figures  were  proportioned 
to  the  strain  on  the  road,  but  a  closer  investigation  shows  this  not  lo  be  the  case. 
In  the  same  way  wc  find  great  differences  in  the  way  the  rails  are  fastened  to  the 
sleepers. 

If  we  analyse  the  various  methods  of  construction,  we  find  that  where  doublo- 
•*«aded  rails  are  used  there  is  a  tendency  lo  increase  the  weight  of  the  chairs; 
*here  the  Vignoles  rail  is  used  there  is  tendency  to  increase  the  number  of  fasten- 
■tlgs  and  to  give  the  preference  to  screw-spikes  rather  than  bolts. 

The  use  of  chairs  and  saddle-plates  for  Vignoles  rails  must  also  be  noted. 
F*rom  the  replies  of  the  Administrations  it  is  not  possible  to  deduce  that  the 
^Joxtblo-headed  should  be  preferred  lo  the  Vignoles  rail. 

Among  the  measures  recommended  to  ensure  secure  fastening  of  rails  on  curves 
^*e  must  in  the  first  place  note  increase  in  the  number  of  sleepers. 

The  joints  are  still  recognised  as  the  weak  point  of  a  road  and  no  essentially  novel 
"Method  of  construction  has  been  described. 

To  prevent  creeping  some  Administrations  suggest  means  lending  lo  make  several 
^l^tipei-s  hold  together  tirmly  by  using  Hat  bars  of  iron. 

Nor  do  the  replies  we  have  received  entitle  us  lo  dniw  any  conclusions  on  the 
Qualities  and  manufacture  of  steel;  the  specifications  of  the  different  Administrations 
***^'  within  wide  limits  and  the  breaking  strain  required  varies  from  3S  to  62  tons 
P^*"  square  inch  (35  to  !18  kilograms  per  square  millimetre). 

VVe  also  find  a  marked  tendency  to  use  hard  steel  exclusively  instead  of  soft  steel 
*^  the  manufacture  of  rails. 

I  have  in  vain  sought  to  arrive  at  a  definite  conclusion  as  to  the  experience 
derived  from  the  use  of  rails  manufactured  by  the  Bessemer  process,  Ihe  basic  pro- 
*^ss  and  by  either  of  Ihe  two  processes  in  the  Martin  furnace. 

However  it  must  be  observed  that  most  railways  use  steel  manufactured  either  by 
Ihe  Bessemer  acid  process  or  by  the  Martin  furnace  process.  It  would  be  a  good 
filing  if  the  Congress  were  to  deal  especially  with  the  specifications  for  rail 
manufacture. 

No  new  experiments  have  been  made  since  the  last  Congress  to  determine  the 
H        ilyoaiaic  action  of  vehicles  which  has  often  been  discussed  at  our  meetings. 
H  In  order  to  compare  the  methods  of  constructing  the  permanent  way  as  described 
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Kr.  Hunt,  reporter  for  English  ipeaking  countries  {>). 

Types  of  permanent  way.  —  As  regards  Ilie  lype  of  pormnnent  way,  the  nilm^ 
in  (ho.  United  Kingdum  are  almost  universally  adopling  Lull-hoaded  steel  nilt. 
keyed  into  chairs  fastened  to  transverse  sleepers  liy  means  of  treenails,  spikes  or 
screws,  or  combinations  of  these  fastenings.  The  type  of  permanent  way  adoptwi 
in  America  consists  of  flat-holtomed  rails  resting  directly  on  transverse  ste«pei> 
and  fastened  to  Ihem  principally  by  means  of  spikes. 

Strengthening  of  permanent  way.  —  With  regard  to  the  strengthening  of  perma- 
nent way  80  as  to  [w?rmit  of  an  increased  speed  of  trains,  the  railway  ConipaaifS 
in  the  United  Kingdom  have,  for  some  years  past,  been  gradually  increasing  tli( 
weight  of  their  rails,  the  weight  and  the  bearing  area  on  the  sleepers  of  their  ctiairs, 
and  shortening  the  spaces  between  the  sleepers;  but  moat  of  the  principal  Com- 
panies do  not  contemplate  any  further  strengthening  of  the  roads,  as  their  lateS 
standards  of  permanent  way  are  fully  capable  of  taking  the  highest  speeds  that  can 
be  obtained  with  the  present  rolling  stock. 

So  far  as  the  permanent  way  of  iho  Lancashire  and  Yorkshire  Railway  Companj 
is  concerned,  I  consider  it  fully  capable  of  taking  safely  trains  at  a  speed  ofiOOmil* 
(IGfl  kilomelresj  per  hour,  when  the  road  is  straight,  or  on  curves  with  largeradii. 
[  do  not  think  it  at  all  likely  that  any  speed  in  excess  of  this  will  be  reached  in  Uie 
future,  inasmuch  as  the  weight  and  dimensions  of  the  locomotives  neccssarj'  fof 
attaining  higher  speeds  would  bo  such  as  to  involve  the  strengthening  ofmanyot 
the  iron  underbridges,  the  enlargement  of  the  overbridges  and  tunnels  now  in 
existence,  and  the  partial  reconstruction  of  portions  of  the  railways  themsclvM  U) 
ease  the  sharper  curves;  the  cost  of  which  would  be  prohibitive. 

The  American  railways  have  been  and  are  evidently  strengthening  their  rsil* 
with  a  view  to  suit  high  speeds,  but  none,  except  the  Now  York  Central  and  Huilson 
River  Railroad  Company,  state  that  they  intend  to  further  strengthen  their  road 
with  a  view  to  still  higher  speeds. 

As  to  the  permanent  way  itself,  I  propose  now  to  deal  with  the  detailed  qneslion' 
in  the  order  given  in  the  instructions  given  by  the  Brussels  Commission  so  fir« 
they  relate  to  railways  in  Great  Britain  and  Ireland. 

Rails.  —  The  section  of  rail  usually  adopted  is  the  sle«l  bull-headed  rail,  I'"'' 
bull-head  being  much  larger  than  the  bottom  menibcr,  to  allow  for  wear  ami  l"'*'- 
the  bottom  member  being  made  sufficiently  strong,  ufler  allowing  for  oxidation.  W 
form  with  the  lop  member  when  worn  down  a  suHiciently  strong  girder  to  cair; 
the  rolling  load. 

In  England,  Ihe  weight  of  the  rail  varies  from  80  to  i)2  lbs.  in  Scotland  fto" 
77  to  90  lbs,  and  in  Ireland  from  74  to  8o  lbs  per  lineal  yard.  There  are  soino  pil* 
weighing  100  lbs  to  the  yard,  but  these  are  few  in  number. 
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The  weight  of  the  rails  on  the  Lancashire  and  Yorkshire  line  is  8G  lbs  per  lineal 
ird,  and  I  am  of  opinion  that  this  weight  need  not  be  increased,  as  it  is  desirable, 
1  relaying  the  road,  that  the  whole  of  its  constituent,parts  should  be  relaid  toge- 
er,  and  nothing  would  be  gained  by  having  a  rail  which  would  outlive  the  sleeper. 
No  absolute  weight  per  yard  appears  to  be  adopted  to  which  rails  may  bo  worn 
)vvn  before  being  renewed,  the  general  condition  of  the  whole  of  the  materials 
rming  the  permanent  w  ay,  and  other  varying  circumstances,  being  taken  into  con- 
deration  in  determining  when  the  road  should  be  renewed.  The  renewals,  when 
ey  take  place,  are  usually  in  long  lengths,  and  the  material  recovered,  when  not 

0  far  worn,  is  utilised  for  repairs  and  sometimes  renewals  of  branch  lines,  loop 
les  and  sidings. 

The  rails  on  the  Lancashire  and  Yorkshire  line  wear  down  on  the  average  at  the 
le  of  about  one  pound  per  annum,  and  could  be  safely  left  in  the  main  line  for 
)out  20  years,  but  inasmuch  as  the  total  length  of  sidings  on  this  line  is  70  p.  c. 
'  the  main,  a  large  quantity  of  material  is  required  for  repairing  their  sidings, 
tie  main  line  road  is  never  left  in  long  enough  to  wear  down  to  the  minimum  safe 
eight,  as  it  is  considered  better,  w  hen  repairs  are  required  for  sidings,  to  take  out 
'  the  main  line  the  materials  for  the  repairs  of  the  sidings,  replacing  them  with 
5w  road.  By  this  means,  the  main  line  is  always  kept  in  first  class  order. 
As  regards  the  calculations  of  the  strains  imposed  on  rails  by  the  rolling  load,  as 
e  various  stresses  cannot  be  ascertained  sufficiently  accurately  to  enable  a  rail  to 
5  designed  on  the  same  scientific  principles  as  a  girder  would  be,  it  is  considered 
7  English  engineers  that  close  and  Ciireful  observations  of  the  effects  produced  upon 
e  road  by  the  rolling  loads  which  pass  over  it  |  will  disclose  its  weakest  parts,  and 
tolerably  accurate  judgment  can  be  thereby  formed  as  to  the  extent  to  which  it  is 
ssirable  to  strengthen  it. 

Mode  of  manufacture  and  nature  of  rail  metal,  —  From  the  replies  received,  it  is 
ear  that  most  of  the  railway  Administrations  have  their  rails  rolled  from  steel 
anufactured  by  the  Bessemer  acid  process,  although  some  of  them  return  the 
Bssemer  process  without  staling  whether  it  is  the  acid  process  or  the  ba^ic  process. 
:ieonly  Companies  who,  in  their  specification,  permit  the  use  of  the  basic  process, 
e  the  Manchester  Sheffield  and  Lincolnshire  and  the  North  Eastern. 
The  London  and  North  Western,  the  Manchester  Sheffield  and  Lincolnshire,  the 
iledonian,  and  the  North  British  Companies  have  a  specification  for  the  Siemens- 
artin  acid  process. 

1  have  had  no  personal  experience  in  steel  rails  rolled  from  steel  manufactured 
f'  the  Basic  process  since  1884,  w  hen  we  bought  a  few  of  them.  These  rails  were 
isatisfactory,  and  most  of  them  had  to  be  taken  out  of  the  road  after  only  a  little 
er  five  year's  wear,  the  defects  being  chiefly  in  the  webs  cracking  in  a  straight 
acture  extending  for  some  5  to  10  feet  in  length. 

The  Basic  process  admits  of  the  use  of  an  inferior  iron  ore  for  the  manufacture 
'the  steel,  but  this  process  may  have  been  improved  since  1884. 


I     The  Siemens-Martin  process  is  too  expensive  to  be  used  l^^^nura 
for  rails. 

With  reference  to  the  lestkig  ofnuls,  all  Companies,  except  the  Cambrian,  i 
their  rails  by  blows  produced  by  various  weights  Tailing  from  various  heights  un 
various  lengths  of  rail  supported  on  bearings  from  3  feet  to  3  feet  0  inches  aparl. 
The  amount  of  permanent  deflection  varies  in  each  case  in  proportion  to  Ihe  wcighl 
used  and  the  height  from  which  that  weight  is  dropped. 

Some  railway  Companies,  in  addition  to  this,  test  the  rails  as  girders,  suspendinfi 
dead  weights  from  the  centre,  ami  specifying  the  delleclions  which  will  be  allotti>d 
under  the  test  of  certain  weights. 

The  chemical  tests  do  not  appear  generally  to  form  part  of  the  spedficatinn  fur 
rails,  only  four  Companies  giving  a  more  or  less  detailed  specilieation  of  tlic  che- 
mical analysis.  The  Creat  Northern  Railway  of  Ireland  state  that  they  test  lli«ir 
rails  chemically,  but  do  not  give  particulars  of  their  requirements. 

The  breaking  weight  in  tons  per  square  inch  is  only  specified  by  tivc  Companles- 
The  extension  per  cent  is  only  specified  by  three  Companies,  and  the  contracliuii  o\ 
area  per  cent  is  only  specilied  by  one  Company. 

11  appears,  therefore,  from  these  returns,  that  the  railway  Companies  mainly  rslj 
on  the  falling  weight  teat  to  determine  the  quality  of  the  rail  maDufacIured  liir 
them. 

As  to  the  relative  merits  of  hard  and  soil  steel,  only  five  Companies  give  any 
information,  and  of  these  five,  four  lean  to  the  use  of  mild  steel  as  being  less  liable 
to  fracture  and  therefore  ensuring  a  greater  measure  of  safety. 

The  steel  used  for  the  roiling  of  rails  should  neither  be  too  hard  nor  too  sod- 
Hard  steel  is  brittle  and  consequently  liable  to  break  on  the  road,  and  also  dama^ 
the  wheel  tyres  when  they  are  skidding  or  partially  skidding  on  the  rails,  and  of 
course,  loo  soft  a  steel  would  wear  out  too  quickly. 

A  rail  with  a  proportion  of  carbon  of  '3  to  '4  p.  c.  giving  a  tensile  strain  ofibout 
40  tons  per  square  inch,  will  meet  all  requirements. 

Rail  conneelions.  —  The  form  of  joint  universally  adopted  In  the  United  Kiugdiwii 
is  a  suspcndiul  one,  the  rails  being  connected  by  two  fish-plates  bolted  loj^llii^ 
through  the  rails  by  four  fish-bolts. 

With  the  exception  of  the  Great  Western  and  London  and  North  Weslern  Bail- 
ways,  whose  flsh-plales  are  20  inches  lung,  all  the  Companies  adopt  a  fish-pis'* 

18  inches  long.  Much  longer  fish-plates  than  these  were  in  use  some  years  ago.  bul 
there  seems  to  be  a  genera!  opinion  that  the  fish-plates  should  be  as  short  as  posM' 
in  order  to  bring  the  chairs  and  sleepers  at  the  joints  as  near  as  possible,  and '" 
reply  to  the  question  as  to  whether  this  form  of  joint  gives  satisfaction,  16  out  •*' 

19  Companies  state  that  it  does. 

As  to  the  shape  of  the  lish-plates  in  use,  they  may  be  divided  into  two  classes,  «»■■■ 
plates  whose  depth  is  the  distance  between  the  top  and  bottom  llange  of  the  r»S. 
and  plates  whose  depth  is  increased  to  the  underside  of  the  bottom  flange,  ■** 
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en  deeper,  in  some  instances  underlapping  the  rail.  The  sections  of  this  class  of 
h-plates  are  shown  in  the  book  of  diagrams.  10  Companies  use  the  former  class, 
d  9  Companies  use  different  sections  of  the  second  class.  There  are  no  sugges- 
ms  as  to  how  the  joint  could  be  improved. 

I  have  had  no  personal  experience  in  the  use  of  the  deeper  fish-plates,  as  I  have 
ver  tried  them.  I  consider  that  if  our  fish-plates,  filling  between  the  top  and 
ttom  flanges  of  the  rail,  are  kept  tight  up  to  the  underside  of  the  bull-head  and 
3  top  of  the  lower  member  of  the  rail,  it  is  the  best  form  of  joint  that  can  be  used. 
All  the  railways  (so  far  as  their  bull-headed  rails  are  concerned)  support  the  rails 
chairs  fastened  to  transverse  sleepers,  using  various  kinds  of  fastenings.  The 
eat  Northern  Railway  of  Ireland  for  their  flat-bottomed  rails,  and  the  Great 
uthern  and  Western  Railway  of  Ireland,  fasten  their  flat-bottomed  rails  direct  to 
3  sleepers  by  means  of  fang  bolts  and  spikes. 

The  weight  of  the  chairs  used  by  the  different  Companies  varies  considerably,  the 
lallest  weight  being  that  of  the  South  Eastern  Railway,  37  lbs,  the  heaviest  being 
it  of  the  Lancashire  and  Yorkshire  Railway,  which  weighs  56  lbs. 
The  bearing  area  of  the  chair  on  the  sleeper  also  varies  considerably,  the  smallest 
3a  being  that  of  the  South  Eastern  Railway,  viz. ,  70  square  inches,  the  largest 
ing  that  of  the  Manchester  ShefTield  and  Lincolnshire  Railway  which  has 
)earing  area  of  117  square  inches. 

The  only  Companies  who  place  felt  between  the  chair  and  the  sleeper  throughout 
Mr  systems  are  the  Cambrian  and  the  London  and  North  Western  Railways.  The 
•ndon  Brighton  and  South  Coast  Railway  use  it  in  special  tunnels  where  the  noise 
excessive.  No  other  Company  uses  a  packing  of  any  kind  between  the  chair  and 
3  sleeper. 

The  pattern  of  the  chair  on  each  side  of  the  joint  used  by  any  Company  is  the 
ne  as  that  of  the  resf  of  the  chairs  in  the  road. 

The  number  and  kind  of  fastenings  for  attaching  the  chairs  to  the  sleepers  varies 
Ih  almost  every  Company. 

Keys  and  sleepers.  —  Of  the  eighteen  companies  who  use  the  chair  road,  eleven 
them  use  oak  for  their  keys,  two  use  teak  and  oak,  one  teak  only,  one  pine  and 
e  elm.  Eight  Companies  compress  their  keys,  and  ten  do  not.  All  the  Compa- 
ss are  keying  on  the  outside  of  the  rail,  except  the  Furness  Railway  and  the  Great 
•rthern  Railway  of  Ireland,  but  the  former  are  now  gradually  adopting  outside 
(ring. 

Baltic  red  wood  is  the  timber  most  generally  used  for  sleepers,  although  some 
mpanies  use  Memel,  Riga  red  wood,  Scotch  fir,  red  pine.  Every  Company 
josotes  its  sleepers. 

The  lengths  of  sleepers  are  8  feet  11  inches  or  9  feet  and  the  breadth  10  inches 
d  the  thickness  o  inches. 

The  distance  apart  of  the  sleepers  on  the  several  lines  is  shown  on  the  plates. 
Although  metal  sleepers  have  been  put  down  in  some  places,  notably  on  the 
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London  antl  Norlh  Western  Railway,  they  do  iiol  seem  to  have  found  favour  w* 
the  railway  Companies  of  Hie  United  Kingdom.     The  London  and  North  WestcrB 
Railway  have  not  put  any  down  since  1888;  the  (ireat  Eastern  and  London  anrM . 
South  Western  Companies  have  experinionted  with  a  (few,  but  are  nol  coulinuiirv  i 
their  use. 

Ballast.  —  The  ballast  used  by  tlie  various  Companies,  details  of  which  are  give^-% 
in  appendix  E  of  the  report  varies  Bceording  lo  the  locality  through  which  the  Iin»«~i 
pass.  The  bottom  ballast  generally  consists,  in  districts  where  it  ctm  be  obtaine*>^ 
of  large  hand-packed  stones,  but  where  this  cannot  be  obtained  slag,  burnt  cla^^s 
and  ashes  are  used.     For  top  ballast  various  materials  are  used,  vii :  — 

Brfikeo  stone,  gravel,  slag,  chippings,  ashes  and  cinders  screened  and  unscreene*  ^5» 
and  Thames  gravel;  the  best  material  in  each  district  consislenlly  with  econon«rB 
being  obtained,  so  as  to  get  the  best  drainage  possible. 

Tlie  practice  of  laying;  ballast  above  the  level  of  thu  top  of  the  sleeper  vari  'Sc 
a  good  deal. 

With  reference  to  the  American,  Indian  and  Australian  railways,  as  1  have  hsr^di 
no  experience  in  the  use  nf  these*  types  of  permanent  way,  I  do  not  feci  j(i8tifi^^l 
in  expressing  any  opinion  upon  it,  but  I  have  no  doubt  there  will  be  delegates^tl 
in  the  room,  for  these  countries  who  will  willingly  give  the  meeting  explanalioK''* 
as  to  their  experiences  in  the  types  of  road  adopted  by  them, 

The  President.  (!n  French.)  —  Question  1  is  a  very  wide  one  and  I  think  we  ought  4 
confine  the  discussion  within  limits  as  far  as  possible. 

As  you  will  have  noticed  the  reporters  have  not  dealt  with  rails  laid  un  metall-* 
sleopers;  they  have  especially  brougttt  before  us  the  track  in  ordinary  use,  namely 
line  laid  on  wooden  sleepers,  suitable  for  express  trains. 

As  regards  speed  there  are  marked  differences  between  the  two  reporter* 
deal  respectively  with  non-English  speaking  countries  and  English  speaking  onc« 

Mr.  Ast  has  told  us  that  on  the  continent  trains  travelling  at  .SO  miles  f80  kild^ 
metres)  an  hour  are  regarded  as  very  fast  trains  and  that  a  S|M?.ed  of  73  niil(?^ 
(120  kilometres)  is  never  exceeded. 

On  the  other  hand,  Mr,  Hunt  has  told  us  tliat  in  England  and  America  trains  ra  -= 
at  much  higher  speed,  such  as  100  miles  (160  kilometres}  an  hour  and  even  morc^ 
{Lautjhter.i 

Mr.  Ast  has  defined  for  us  in  his  report  what  in  his  opinion  may  bo  looked  upo  ■■ 
as  a  typical  permanent  way,  but  though  It  has  been  adopted  in  several  conntrfes  it  S 
not  perfection,  and  he  wishes  you  to  recognise  the  fact  that  the  resistance  uf  th^ 
typieid  road  approaches  the  limit  that  can  be  attained  in  practice  and  that  except  h 
certain  cases  we  can  make  no  improvement  upon  it. 

Mr.  Hunt,  on  the  other  hand,  asserts  that  the  type  of  road  almost  universally  adopter* 
by  the  railway  Companies  of  the  I'nitcd  Kingdom  is  suitable  for  trains  running  i^ 
very  high  speeds.     He  believes  that  it  would  be  superfluous  to  strengthen  the  roa^ 
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rwent  on  to  say  thai  in  the  case  of  the  Lancashire  and  Yorkshire  Railway  wc^za* 
have  so  many  sidings  to  repair  that  instead  of  letting  the  rails  live  out  their  full  life^^»" 
un  Ihe  main  line  we  took  Ihcm  out  of  the  main  linp  lo  repair  the  sidings,  and  repia —  Jt 
ccd  them  on  the  main  line  with  new  rails;  so  that  we  never  do  wear  them  down  tcrr»- 
20  years,  because  our  requirements  for  sidings  do  not  permit  of  our  doing  it.  I  se^*^^ 
that  when  the  traffic  is  not  so  heavy  we  have  taken  out  steel  rails  which  have  be^rr^^  = 
in  22  years,  but  never  on  the  fast  running  lines. 

With  regard  to  the  speed  of  100  miles  per  hour  I  think  I  said  that  1  thought  tliar  ,^=3 
on  the  straight  porlions  of  our  lines,  and  where  the  curves  are  the  flattest,  it  woultP:*' 
be  safe  to  run  on  that  permanent  way  at  100  miles  an  hour.  I  did  not  say  that  wt^  ~- 
had  ever  attained  lo  that  speed.  1  ralher  inferred  from  what  Mr.  Aspinall  is  sayinj^^fe  ■ 
in  his  paper  in  another  section.  Ihat  he  could  not  construct  a  locomotive  nf  sufti —  S 
cient  power  to  run,  certainly  not  beyond  that  speed,  and  possibly  not  up  lo  it,  lhar  -^ 
would  pass  through  our  existing  tunnels  and  bridges;  and  therefore  thai  is  W\c^  " 
reason  why  English  engineers  have  come  to  Ihe  conclusion  that  il  would  not  bc^^ 
necessary  to  further  strengthen  their  road. 

The  President.  —  Wiat  is  the  maximum  speed  in  England? 

Mr,  Hunt.  —  I  have  myself  timed  some  of  the  trains  on  our  line  up  to  75  niilcs^^* 
an  hour;  that  is  only  on  the  down  gradient  though. 

The  Freeident.  —  Is  that  ihe  maximum? 

Hr.  Hant.  —  That  is  the  maximum  that  I  have  ever  noticed.  I  do  not  think  that 
there  has  boon  any  record  of  anything  higher  then  that.  I  think  I  have  answered  all 
the  questions. 

Hr.  Uiobel.  Paris-Lyons  and  Mediterranean  Ry.  (In  French.)  —  I  should  like  lo 
observe  lhat  there  is  nothing  impossible  about  rails  lasting  for  20  years  on  main 
lines.  On  the  line  between  Paris  and  Marseilles,  .^00  miles  (800  kilometres)  long, 
there  are  at  present  on  about  2K0  miles  (400  kilometres)  of  raits  which  were  laid 
more  than  20  years  ago  and  they  arc  still  in  very  good  condition.  And  yet  the  traffic 
on  this  road  is  very  heavy  and  several  fast  express  trains  run  upon  it.  It  is  true 
that  the  rails  have  in  some  places  been  withdrawn,  not  because  ihey  ^ve^e  bII 
worn  out,  but  because  il  was  deemed  advisable  to  strengthen  certain  points  on  the 
road  such  as  long  gradients  of  1  in  200  (S  millimetres  per  metre)  and  steeper. 
Besides  from  lime  to  time  wo  required  rails  for  sidings  and  for  lines  in  stalions  and 
tunnels  which  had  to  be  removed  with  as  little  delay  as  possible  on  account  of 
their  being  worn.  If  such  exceptional  points  of  the  road  be  excluded  twenty  years 
is  not  to  be  regarded  as  an  excessive  time  for  rails  to  last,  as  Mr.  von  Leber  seems 
lo  think,  provided  the  steel  used  is  of  good  quality. 

Mr.  Hunt  tells  us  in  his  report  that  some  Companies  use  00  fool  rails.  1  should 
like  to  know  whether  this  has  proved  satisfactory.  Does  not  the  distance  which 
there  must  be  between  the  joints  cause  disadvantages? 
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Mr.  do  Eoimitsky,  Russian  Ministry  of  Communications.  (In  French.)  —  I  should 

like  to  ask  Mr.  Hunt  two  questions  : 
1*'  What  is  really  the  greatest  load  on  one  axle  in  an  English  locomotive ;  and 
^Dd  What  is  the  greatest  load  on  one  axle  in  a  locomotive  taken  into  account  when 

designing  and  calculating  the  cross  section  of  rails  in  England  ? 

Mr.  von  Boschan,  Emperor  Ferdinand's  Northern  of  Austria  Ry.  (In  French.)  — 
I  endorse  what  Mr.  Michel  has  just  said  on  the  life  of  rails.  There  are  on  the 
railway  I  represent  16  miles  (25  kilometres)  of  line  laid  between  1868  and  1872, 
which  are  still  in  excellent  condition.  The  rails  weigh  63  lbs  per  yard  (31*5  kilo- 
grams per  metre).  When  they  are  taken  up  it  is  not  because,  as  in  the  case  referred 
to  by  Mr.  Michel,  they  are  worn,  but  with  a  view  to  strengthening  the  road.  Our  Com- 
pany now  uses  Bessemer  steel  rails  weighing  70  lbs  per  yard  (35  kilograms  permetre). 

Mr.  Johnson,  Great  Northern  Ry.  —  I  should  like  to  confirm  Mr.  Hunt's  remarks 
with  regard  to  the  life  of  our  rails.  I  took  up  last  year  rather  a  long  length  of 
steel  rails  which  had  been  down  nearly  20  years,  and  which  were  on  the  fast  running 
part  of  our  line  between  Grantham  and  Peterborough,  where  we  often  attain  a  speed 
of  72  miles  an  hour.  Those  rails  were  made  by  the  Ebbw-Vale  Company  in  Wales. 
In  those  days  the  ingots  from  which  rails  were  rolled  were  well  hammered  under  a 
steam  hammer,  and  I  have  always  been  of  opinion  that  if  a  good  rail  is  required 
labour  must  be  put  into  it.  I  am  sorry  to  say  that  rails  of  that  quality  are  not  made 
to-day,  for  in  most  rail  mills  the  steam  hammer  is  not  to  be  found,  at  any  rate  it  is  not 
used  upon  ingots  which  are  intended  to  be  rolled  into  rails.  These  particular  rails 
I  had  tested  chemically,  and  they  contained  about  '4  of  carbon,  and  the  analyst  who 
tested  them  said  that  they  were  very  dangerous  rails  to  put  down  and  were  likely  to 
break.  I  told  him  that  they  had  been  down  20  years  and  that  therefore  they  must 
have  been  good  rails.  I  tried  in  purchasing  rails  last  year  to  get  the  same  chemical 
constituents  put  into  the  rails;  and  the  makers  all,  to  the  extent  of  half  a  dozen  or 
more,  put  an  extra  £  1  a  ton  on  to  the  price  to  give  me  these  chemical  constituents, 
and  I  failed  to  buy  the  rails  so  constituted.  The  rails  were  purchased  this  year  at 
something  like  £4.10.0  a  ton.  Of  course  the  makers  of  rails  cannot  put  much  work 
into  rails  at  that  ridiculous  price,  and  I  am  very  much  afraid  that  the  rails  now 
being  put  into  the  roads  will  not  wear  anything  like  20  years. 

Mr.  Petsche,  Eastern  of  France  Ry.  (In  French.)  —  The  life  of  a  rail  depends 
primarily  upon  the  traffic.  On  our  system  we  have  rails  which  have  carried 
300,000  trains  and  are  still  comparatively  little  worn  —  scarcely  Vs  I'^ch  (3  or 
4  millimetres).  We  use  60  and  89  lbs  rails  (30  and  44  kilograms)  and  put  the  joint 
sleepers  as  close  together  as  possible  —  even  as  near  as  16  ^2  inches  (42  centimetres) 
from  centre  to  centre.  In  this  way,  we  succeed  in  keeping  our  lines  a  long  time  in 
good  condition  and  without  any  apparent  imperfection  at  the  joints. 

The  President.  —  A  gentleman  has  asked  Mr.  Hunt  if  the  60  foot  rails  have  given 
satisfaction  ? 


Mr.  Haul.  —  i  have  no  personal  knovv'le(l(;e  as  to  whi'thorThiTuinuoff 
WcsliM-n  Ruilway  Company  arc  satisfied  with  the  60  Toot  rails ;  but  I  lake  it  thai  It^^ 
ore,  because  Ihey  arc  continuing:  to  use  Ihcni.  You  will  find  in  a  table  in  t.. 
oppendiucs  1o  my  report  that  they  are  the  only  Company  who  have  adopted  tfcr  - 
length  i,fr;.il. 


The  Preaident. 
Western  Kailw^ 
COroolnuls? 


—  Is  ihert'  any  gfinlleman  connected  with  the  London  and  No  ^ 
■  Company  who  can  loll  us  whether  they  are  satisfied  wjlh    i 


Lieatenant  Lsg^ett,  B.  E.,  lEoiinl  of  Trade,  Great  Britain.  —  1  have  had  s< 
cxi>crience,  as  representing  the  Board  of  Trade,  of  seeing;  the  rails  of  tills  len^^llk,      «„j 
Ihe  London  and  North  Western  Bailway,  and  Iniay  say  that  the  Company  are  ex.  t^v 
mely  satisiied  with  the  manner  in  which  the  rails  can  be  laid  in.     It  is  possible    f«r 
four  men  to  lay  in  one  of  these  rails  in  about  three  minutes  from  Ihc  Unie  the  t>;j 
rail  is  taken  out  to  the  time  the  new  rail  is  put  in  and  keyed  up  to  about  every  Lli  i  rit 
sleeper  and  fished  with  two  bolts  instead  of  four.     That  is  to  say,  the  road  fur  t  tie 
load  has  been  sutliciently  good  for  the  trattic  to  pass  over  it  at  the  rate  of  IS  miles 
an  hour,  in  three  minutes,  and  the  manner  in  which  the  vehicles  Iravcl  over  l^M'i 
road  in  its  fmished  stale  is  also  considered  extremely  satisfactory. 

The  FrMidflut.  —  Do  you  know  what  is  the  space  between  the  two  rails? 

IiieutenaLt  Leggetl,  R.  E.  —  For  expansion  it  is  nea'ssary  to  allow  from  '/a  !« ''j^ 
of  an  inch,  according  to  the  temperature. 

Hr.  Wuintyniki.  Warsaw-Vienna  By.  |ln  trench.;  —  Kefercnce  has  been  mndett 
the  life  of  a  rail  and  to  its  chemical  composition,  but  so  far  the  question  of  the  ' 
metal's  resistance  has  been  neglected. 

What  astonishes  me  is  thai  as  a  rule  in  England  no  tests  are  made  to  estimate  the 
tensile  resistance  but  only  the  breaking  strain.  On  the  continent,  the  resisLance  of 
the  metal  is  above  all  things  tested. 

I  should  very  much  like  to  know  the  component  parts  of  the  rail  of  which 
Mr.  Johnson  speaks,  possessing  it  would  seem  extraordinary  qualities  of  resistanco. 

W'e  know  all  the  facts  with  regard  to  the  tensile  resistance  and  breaking  strain 
and  chemical  composition  of  the  rails  manufactured  on  the  continent.  We  have 
inserted  in  our  spccitications  minute  particulars  as  to  the  tctits  these  rails  must 
undei^  and  yellhey  are  generally  far  inferior  to  the  English  raits  of  which  we  have 
just  heard,  spite  of  the  fact  that  the  latter  are  accepted  with  much  lesa  exacting 
formalities.  There  must  be  some  secret  in  manufacturing  a  rail  which  can  last 
22  years  under  the  conditions  mentioned.     What  is  this  secret? 

Mr.  Belelubsky,  Bussian  Slate  By.  (In  French.}  ~  I  understand  from  Mr.  Hunt's 
report  thai  most  railway  Companies  in  English  speaking  countries  roll  their  rails 
of  Bessemer  steel  which  appears  to  be  much  belter,  especially  Ihan  basic  steel. 
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We  ought  to  investigate  the  question  of  the  composition  of  the  metal,  for,  as 
a  contrast  to  what  Mr.  Hunt  has  told  us,  I  may  mention  that  in  Russia  we  manu- 
facture a  great  many  rails  of  Basic-Martin  steel  and  the  results  obtained  are  very 
satisfactory. 

If  the  method  of  manufacture  has  lately  altered,  that  is  due  to  a  most  marked 
tendency  in  favour  of  using  hard  steel  and  because  we  have  altered  our  specifi- 
cations as  to  hardness  by  requiring  the  presence  of  0*4o  p.  c.  of  carbon. 

We  have  made  tensile  tests  compulsory  instead  of  only  taking  into  consideration 
the  breaking  test.  Accordingly  it  is  of  great  importance  to  know  whether  Basic- 
Martin  steel  should  be  abandoned,  and  this  question  ought  to  be  cleared  up.  As  I 
have  just  said,  Russian  experience,  far  from  condemning  its  use,  is  in  favour  of  it. 

Mr.  Dietler,  Gothard  Ry.  (In  French.)  —  What  we  have  heard  is  extremely 
interesting.  I  may  even  be  allowed  to  say  that  I  attach  more  importance  to  an 
interchange  of  opinions  derived  from  our  experience  than  to  the  resolutions  we 
shall  pass. 

We  have  been  talking  of  the  length  of  rails,  and  I  am  surprised  at  learning  that 

in  England  the  length  attains  60  feet  (18'"29).     It  would  be  interesting  to  know 

for  actual  fact  whether  these  have  proved  satisfactory,  and  whether  such  a  length 

JUay  be  accepted  as  practicable.    We  must  not  lose  sight  of  the  fact  that  an  increase 

in  length  of  rail  leads  to  decrease  in  the  number  of  joints  which  are  the  weakest 

I>oint8  of  a  line.     The  subject  is  then  of  great  importance. 

I  accordingly  beg  the  meeting  to  be  kind  enough  to  express  an  opinion  as  to 
"^^vhether  a  length  of  60  feet  (18™29)  can  be  recommended. 

Again,  we  have  spoken  of  the  life  of  a  rail.     What  was  said  on  this  point  was 
^•^'^cclved  by  me,  representing  as  I  do  a  railway  with  long  tunnels  and  severe  gra- 
ients,  the  Gothard  railway  I  mean,  with  a  certain  amount  of  reserve. 
The  information  supplied  us  on  this  point  cannot  in  my  opinion  carry  much 
eight,  unless  supported  by  data  as  to  the  conditions  of  the  line  to  which  it  refers 
nd  by  statistics  as  to  the  working  of  the  line.     The  statistics  requisite  to  enable 
s  to  compare  lines  which  are  not  directly  comparable  to  one  another  are  not 
^rihcoming,  and  therefore  it  is  difticult  to  form  an  opinion  on  the  information  as 
^  the  life  of  rails. 

I  am  convinced  that  if  the  rails  of  which  Mr.  Michel  has  spoken  were  laid  in  the 

.  Gothard  tunnel  they  would  not  last  more  than  iO  or  12  years. 

The  life  of  a  rail  undoubtedly  also  depends  on  its  section,  and  this  ought  to  lead 

to  discuss  a  point  which  up  till  now  has  been  neglected,  namely  the  relation 

^Detwcen  the  weight  of  a  rail  and  the  strain  upon  it.    As  you  will  have  seen  in  reading 

-^r.  Ast's  exci»Jlent  report,  the  Gothard  railway  uses  engines  the  load  on  the  driving 

Xvheels  of  which  is  from  15  to  16  tons  and  consequently  the  strain  upon  our  line 

is  very  great.     I  should,  however,  add  that  the  number  of  such  engines  is  smalli 

^md  the  new  engines  which  are  now  being  designed  will  probably  not  be  no 


V 


heavy.  However  a  load  of  7  Vs  tons  on  each  wheel  may  be  regarded  as  nonn^ 
Mr.  von  Leber,  Austrian  Ministry  of  Commerce.  (In  French.)  —  Let  us  hope  so, 

Kr.  Dietler.  (in  French.)  —  Our  rails  weigh  93  and  97  lbs  per  yard  H6  a^ 
48  kilograms  per  metre),  but  are  not  so  heavy  as  (he  «  Onlinth  »  rails,  used 
-  Belgium,  which  weigh  10S  lbs  (b2  kilograms).  The  97  lb  (48  kilograms)  rail 
used  in  tunnels  and  the  93  lb  (46  kilograms)  rail  on  the  other  parts  of  our  syste's 
If  the  moment  of  resistance  of  our  97  lb  rail  is  compared  with  I  hat  of  ihe  (^oIIl* 
rail  it  will  be  found  to  be  the  same.  1  should  be  very  glad  if  our  friends  frcn 
Belgium  would  be  good  enough  to  tell  us  something  about  their  experience  of  Ih^ 
lori  lb  rails  so  that  we  may  know  whether  there  is  any  other  gain  than  increu^s.^^^ 
resistance  lo  be  derived  from  their  heavier  rail.  We  should  like  to  know  also  jf 
it  is  true  that  Ihese  rails  wear  out  very  quickly.  It  has  been  stated  that  the  la.»-^^ 
size  of  the  rail's  head  interferes  with  its  manufacture  and  that  this  is  why  it  wosi  x? 
quiekly. 

We  required  our  rails  to  possess  a  high  moment  of  resistance  and  therefore  tlt^^Ir 
height  is  S  "/le  inches  (0'"145)  and  their  base  5  '/s  inches  (0'"130),  In  this  way,  **ifi 
proeure  a  high  moment  of  resistance. 

The  increased  weight  of  our  rails  is  justified  on  various  grounds.  In  the  fiK-sI 
place,  iho  sulphuric  acid  in  our  tunnels,  which  is  pn^duced  by  the  coal  burnt  in  our 
engines,  helps  to  oxidise  the  rails  very  quickly.  This  is  iho  cause  of  our  usi  n|! 
97  Ih  (48  kilograms)  rails  in  our  tunnels  instead  of  the  93  lb  (46  kilograms)  rail  us^l 
on  other  parts  of  our  line.     Secondly,  as  I  have  said,  our  engines  are  very  hea*"?'. 

With  regard  to  speed,  our  gradients  are  long  and  verysteep— e.g.,4in  40(3<'>init  li- 
metres  per  metre)  —  and  going  down  we  have  no  hesitation  in  running  at  high  spo<^f 
but  37  miles  (60  kilometres)  an  hour  may  be  regarded  as  our  maximum.  On  t-'i'' 
comparatively  level  parts  of  our  line,  there  are  few  straight  pieces  long  enough  *" 
allow  of  the  maximum  speed  altaiuable  by  our  engines  being  rcachud.  On  tiie 
contrary  there  ai-e  slift"  curves  of  14  and  IS  chain  radii  (280  and  300  metres). 

It  is  important  to  know  at  what  speed  these  parts  of  the  road  can  be  traverse"). 
We  think  It  depends  not  only  on  the  construction  of  Ihe  permanent  way,  but  also  oi> 
the  make  of  rail.  For  my  own  part  1  believe  a  speed  of  i'S  '/i  miles  (70  kilometr<^i 
or  even  50  miles  (80  kilometres)  can  be  safely  reached,  provided  that  the  permaoenl 
way  be  stable  and  the  base  of  the  rail  he  proportionate  to  its  height.  Probably 
for  this  reason  the  Americans  have  decided  that  the  height  of  their  rail  shall  beoc]UB) 
to  its  base. 

These  are,  gentlemen,  the  few  questions  which  I  wish  lo  ask  in  reference  to  Ih* 
rail  itself. 

There  are  other  points  In  the  mailer  of  permanent  way  upon  which  we  wWl 
information  from  the  experienced  men  belonging  lo  Ibis  section,  but  for  'be 
present,  in  order  to  confine  myself  within  the  limits  suggested  by  our  presirfO** 
I  shall  bring  my  remarks  to  a  conclusion. 
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I  must,  however,  add  one  word  on  the  methods  of  strengthening  the  road.  One 
very  efficient  method  is  doubtless  to  increase  the  number  of  the  rails'  supports.  In 
regard  to  this  I  may  say  we  use  17  sleepers  to  a  length  of  39  feet  (12  metres)  and  at 
the  joints  the  distance  between  the  sleepers  is  as  little  as  13  ^/^  inches  (350  milli- 
metres). You  will  see  that  we  have  neglected  no  means  at  our  disposal  with  a  view 
to  strengthening  our  road. 

Mr.  W.  Hohenegger,  North  West  Austrian  and  South  North  German  Junction  Ry. 
(In  French.)  —  It  seems  to  me,  gentlemen,  that  the  only  point  of  difference  between 
JWr.  Michel  and  Mr.  Dietler  is  that  of  the  life  of  a  rail.  Neither  of  them  have  told  us 
what  they  look  upon  as  the  ordinary  life  of  a  rail,  and  I  hope  they  will  be  good 
enough  to  enlighten  the  section  on  the  point. 

The  Gothard  Company  procures  rails  from  all  parts  of  the  world,  and  it  is 
important  to  know  what  stipulations  the  Company  lays  down  in  its  specifications. 

Mr.  Dietler.  (In  French.)  —  In  the  tunnels,  the  short  life  of  our  rails  is  due  to  rust ; 
in  the  open  line,  our  rails  last  as  long  as  anywhere  else. 

Mr.  Michel,  Paris-Lyons  and  Mediterranean  Ry.  (In  French.)  —  When  speaking  of 
liow  long  rails  last,  of  course  I  was  not  referring  to  rails  at  stations  which  are  so 
zmuch  exposed  to  friction,  nor  yet  to  rails  in  tunnels  which  suffer  from  moisture  and 
ssmoke.     On  the  contrary,  I  expressly  stated  that  these  wore  out  more  rapidly. 

In  reply  to  Mr.  Hohenegger,  the  coefficient  of  resistance  required  by  the  Paris- 

Xyons-Mediterranean  specifications  is  as  a  minimum  44  ^/^  tons  per  square  inch 

^70  kilograms  per  square  millimetre)  and  the  elongation  of  V2  i^^ch  (12  millimetres). 

The  factories  supply  us  with  steel  which  generally  has  a  resistance  of  from 

46  to  SO  tons  per  square  inch  (72  to  78  kilograms  per  square  millimetre). 

Mr.  W.  Hohenegger.  (In  French.)  —  Messrs.  Michel  and  Dietler  have  just  asserted 
that  rails  deteriorate  in  tunnels  owing  to  rust.  This  is  only  a  side  issue  about 
which  we  ought  not  to  waste  time. 

From  what  we  have  heard  we  may  come  to  the  conclusion  thjat  the  long  life  of 
rails  in  France  is  due  to  the  good  quality  of  met<il  used  and  to  good  construction  of 
the  constituent  parts  of  the  permanent  way. 

Mr.  John  M.  Toucey,  New  York  Central  and  Hudson  River  Railroad.  —  We  have 
had  a  very  interesting  discussion  and  a  great  many  points  of  interest  have  been 
raised  this  morning  with  which  we  have  had  to  deal.  Of  course  some  things  have 
been  discussed  here  with  which  we  have  not  met. 

With  regard  to  Mr.  Johnson's  experience  of  rails,  our  first  experience  in  steel  rails 
was  in  1867,  1868,  1869  and  1870,  from  the  firms  of  John  Brown  and  Barrow  of 
this  country.  They  were  all  hard  steel  and  we  got  excellent  results  from  those  rails. 
They  were  light  in  weight  compared  with  what  we  are  using  now.  We  started  with 
a 60  lb  steel  rail,  30  feet  in  length.     Now  we  are  up  to  100  lbs. 

There  has  been  a  gradual  increase  in  perfecting  the  manufacture  of  rails  in  the 


L'ailed  Sliiles.     Wo  g<'t  nlnxist  ns  gonil  a  niil  now  withoul  liammoring  the  ingfl^H 
we  did  with  tiamnioriDg.     The  lr.-ifli(^  upon  our  line,  of  course,  most  ofTOU  ^ 
fainiliar  with ;  it  is  cxlremely  ht-avy.     Our  cars  and  engines  aro  heavy,  and  we  h^ 
foiuid  il  ne^rsKiry  to  iocpeaso  Iho  wi^ight  of  rails  to  meet  the  incroased  weight  at  v 
trafhe,  so  that  we  are  yetting  up  gradually  to  100  lbs  un  Ihe  main  line  for  our  [^i 
senyiT  trains,  and  we  are  running  on  that  line  a  speed  varying  from  CO  lo  100  and  -^ 
and  even  lOu  miles  an  Imur.     (lonllemen  seem  to  think  that  that  cannot  he  irui',  ^ft^^ 
nevertheless  it  is  the  fact.     The  Empire  Slale  Express  train  makes  its  run  nf  440  in  j  g^ 
daily  at  a  speed  o(  about  S3  miles  an  hour;  but  when  we  arc  delayed,  wc    un 
compelled  to  increase  the  speed,  lu  make  up  Ihe  lost  time;  we  are  seldom  late    xo 
arriving  at  the  terminus,  and  if  we  do  lose  time  a  speed  of  from  80  to  100  miles  p^f 
hour  is  frequently  atUiined.     I  have  somt'  statistics  here,  and  1  will  read  you  ibf 
speed  of  the  train  as  it  goes  along,   and  this  is  the  average  speed  everv  daj>    ; 
62-07  miles,  67-6.  76-27, 69-23,  69-23,  60-17,  (10,  G2-07,  64.28,  6428,  fil-60',  (USS, 
68-6,  72,  Ti.  72.  69-23.  76-6.  78-26,  73-47,  76-0,  76-6,  80,  80.  80.  81-8,  76-6,  83-7, 
78-26,  80,  81-8,  100,  88.  83-7,  102-86,  78-26.  78-26      The  weight  of  the  can  S* 
328,930  lbs,  of  the  engine  and  tender  204,000  lbs,  and  the  weight  of  the  load 
33,000  lbs.     The  total  weight  of  the  train,  therefore,  is  563,950  lbs.     Our  good.* 
trains  average  SO  cars  of  30  Ions  each  and  2,000  feel  in  length  with  a  locomotive 
engine  weighing  60  tons,  and  we  make  a  speed  of  from  20  lo  30  miles  an  hourats 
necessity  requires.    There  are  other  American  roads  that  cau  do  the  same  thing. 

As  regards  the  rails,  we  have  gradually  increiised  the  hardness  of  the  rails  froKii 
about  30  points  up  to  60  or  60  points  of  carbon.     We  lind  that  we  saved  mnncy  fc»y 
thai,  and  that  il  was  a  great  advantage  in  having  a  hanl  rail.     Origiuully  the  Aui^^ 
rican  manufacturers  would  not  make  a  rail  higher  than  30  points,  or  'do,  but  il  a'^bs 
so  soft  that  its  life  was  only  3  op  6  years.     With  the  original  Barrow  rails  w^e 
could  count  on  13  yeirs  service  with  the  Irafllc  that  wo  had  at  that  lime.     AltS^c 
present  time,  however,  with  the  traffic  that  we  have  and  the  heavy  rail  that  wc  fi*'**' 
got,  we  are  not  in  a  position  to  state  exactly  what  the  life  of  the  rail  will  he,  1»W 
we  calculate  20  years.     The  joint  question  has  been  discussed  here.     We  use  I  fls*'- 
plate,  the  weight  of  which  is  about  80  lbs  per  pair.     Our  rails  now  consist  oft**" 
kinds,  80  lbs  li>  Ihe  yard,  and  100  lbs  to  the  yard,  iIh'  fish-plating  being  iboal 
36  inches  in  length  with  six  bolls.     We  have  no  suspended  joint.     We  tried  ttw' 
some  years  ago,  but  the  delleetion  was  so  great  that  we  had  lo  abandon  it.    Now  w« 
use  the  36  inch  fish-plate  with  three  ties;  the  centre  tie  being  under  the  joint.    ^^'* 
lay  the  joints  in  Ihe  manner  wc  call  "  broken  ";  that  is,  they  are  uolopposiW 
each  other.    We  use  an  indicator  car,  running  il  on  Ihe  line,  so  as  to  iteo  wbal 
the  deHi«;tion8  are  in  the  track.     With  Ihese  100  lb  and  80  lb   rails,  an-l  ll'i* 
long  fish-plate  [aking  three   ties  tiiere   is   hardly  any   ilelleclion  percfplibk'  »' 
the  joints;  it  is  quite  as  smooth  at  the  centre  of  the  rail  as  at  the  joint.     So  wrIuk^ 
come  lo  the  conclusion  that  ihc  long  fish-plate  of  86  inches  n  ith  three  lies,  aad  tlK 
centre  one  taking  the  joint,  is  tlie  best. 


I  would  like  to  say  that  our  chief  ongiiiecr,  Coh)n(^l  Katk',  was  unable  to  ('onie,  J 
"he  has  sent  one  of  his  associates,  Mr.  Dudley,  wlio  is  here,  and  he  has  had  the  enl 
experience  of  rolling  these  rails,  specifications  and  everything,  and  if  you  would  1 
to  hear  him,  Mr.  Dudley  will  explain  the  whole  thing  to  you. 
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Mr.  P.  H.  Dudley,  New  York  Central  and  Hudson  Uiver  Railroad.  —  In 
manufacture  of  a  rail  at  the  present  time  the  iirsl  object  that  w(>  try  to  secure  i 
sk)und  ingot.  The  percentage  of  carbon  in  the  ingot  does  not  make  so  much  difl 
«nce  as  the  form  in  which  we  can  hold  the  ciirbon.  We  desire  to  have  a  large  p 
rentage  of  the  carbon  in  i\m  form  of  hardening  ciirbon,  not  simply  cement  carb< 
That  gives  us  the  better  wear. 

For  the  80  lb  rails  we  use  from  0"45  to  Oob  of  1  p.  c.  of  carbon,  —  0*lo  to  0 
of!  p.  c.  of  silicon,  and  from  1  p.  c.  to  1-20  of  manganese.     The  phosphorus 
limited  to  0*06  of  1  p.  c.    The  above  comj)osition  gives  a  large  percentage  of 
carbon  in  hardening  form,  and  gives  a  very  solid  ingot. 

For  the  100  lb  rails  we  increase  the  carbon  up  to  0  GO  of  1  p.  c.  and  carry 
^snanganese  from  about  1-10  to  1*20  p.  c,  and  the  silicon  from  O'lo  to  0*20  of  1  p 
The  ingots  are  about  fifteen  inches  square  at  the  base,  and  the  steel  instead  of  risi 
the  top  of  the  ingot  actually  settles,  and  we  have  ingots  which  are  smooth  a 
olid  on  the  top  end.    These  ingots  are  without  a  trace  of  blow  holes  and  are  V( 
^Oiind.    The  rails  are  all  tested  by  the  drop  test  with  supports  three  feet  apart; 
^S%  to  70  lb  rails,  the  drop  is  2,000  lbs  falling  10  feet,  producing  a  deflection  of  ab( 
**  •  S  to  2  inches  for  our  standard  quality.     For  75  to  80  lb  rails  the  drop  is  2,000 
^^  1  ling  20  feet.     The  standard  of  deflection  for  the  80  lb  rail  is  1»>>  inch,  wh 
^icates  a  steel  of  about  120,000  lbs  tensile  strength  and  elastic  limits  from  65,( 
70,000  lbs.     The  latter  is  more  important  than  the  tensile  strength. 
-As  regards  the  stiffness  of  the  80  lb  rail  suspended  on  supports  30  feet  apa 
O  lbs  deflects  it  **^/iooo  <^f  ^>^  inch.     The  modulus  of  elasticity  for  that  steel 
,800,000  lbs  per  square  inch.     Lowering  the  ciirbon  in  the  steel,  the  modulus 
^stidty  drops. 

It  has  been  very  carefully  ascertained  that  the  high(»r  the  grade  of  the  steel  t 
^her  is  the  modulus  of  elasticity. 

The  deflection  forth(»  100  lb  rail  with  supports  30  feet  apart  is  *''*Vioor»  of  an  in 
that  is  for  a  100  lb  rail  0  inches  high,  base  o  '/.,  inches,  —  and  is  80  p.  c.  stifl 
the  pioneer  80  lb  rail  which  was  originally  put  in  on  the  New  York  Centr 
d  Hudson  River  Railroad. 

The  percentage  of  elongation  of  the  rails  under  the  20  feet  drop  is  from 
18  p.  c.  when  the  rail  is  placed  on  the  side,  and  when  the  weight  is  <lropped  upi 
^  head  the  elongation  is  about  5  p.  c.    The  second  blow  will  only  increase 
7  or  8  p.  c.y  straining  it  in  other  places. 

We  have  an  indicator  car  to  run  over  the  track  to  record  the  deflections  of  the  rai 
diagrams  (see  Appendix).    This  car  also  sums  up  into  feet  and  inches  per  m: 
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all  the  undiilaltons  in  the  rails  and  gives  us  Ilie  condition  of  the  st«cl.  So  tlic 
ulTicials  uf  the  railroad  can  sec  the  condition  of  every  niilu,  and  sec  whiAhor  it  U 
possible  to  improve  llie  track  by  labour  or  whether  they  must  renew  the  steel. 

Wo  find  thill  the  minimum  undulations  on  a  100  Ih  rail  are  about  1  fool  9  inchrii 
per  mile  and  that  is  as  low  as  it  is  possible  for  the  truckmen  lo  surface  the  track,  ajuj 
on  the  80  lb  rail  it  is  S  feet  0  iuches.  As  a  result  in  the  New  York  Central  ami 
other  Itoads  in  Ihe  last  ten  yciirs,  Ihcy  have  reduced  the  undulations  of  tlic  rails  fwr 
mile  to  the  lowest  limits  and  Ihe  tracks  now  are  as  smooth  as  it  is  possible  to  nifi  Ke 
them,  for  each  section  of  thi'  rail.  To  do  this,  however,  required  many  ini[)orrail 
changes  in  the  manufacture  of  the  rails,  making  them  much  smoother  than  fc^f- 
merly.     (See  in  the  Appendix  the  description  of  the  diagrams.) 

Mr.  von  Lenz,  Emperor  Ferdinand's  Northern-Austrian  Ky.  (In  Frencli).  —  I  shou  •'^ 
like  to  know  from  representatives  of  Companies  which  have  lines  with  sevc:^*" 
gradients  or  stations  very  close  together,  for  instance  a  line  such  as  (hat  fro^^*" 
i'aristo  Marseilles  or  "  the  Metropolitan",  whether  observations  have  been  made  l::^'' 
the  etl'ccL  of  instautaneous  brakes  such  as  the  Westinghouse,  Smith,  etc..  on  llioli  ^ 
of  rails. 

The  President.  —  As  it  is  getting  late,  I  would  suggest  that  we  adjourn.  {Agm 

—  The  nieeliiig  adjourned  at  12'4o  p.  m. 
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July  1.  1895.  at  2.15  a.  m. 

Kr.  d'Abiamion,  Kussian  Slate  Kailways.  (In  French,)  -^  1  lind  on  page  ISC' ^ 
(English  edition)  of  Mr.  Ast's  report  the  following  passage  : — 

The  stilfnoMS  of  Ihe  rail  musi  lie  taken  Into  considcrslion  because  the  load  is  Iran^iDillrd^*^ 
to  oltiur  slev'pers  Iban  Ihosu  which  ilireclly  support  Ihe  load  on  Ihe  rnil.     CAlcu1iiliun«oia^^ 
this  point  show  us  however  Ifaat  when  the  slifTuess  is  uniformly  increased,  the  increase  «■  "     ^ 
its  ulllily  fur  Ihis  purpose  becomes  rupiilly  smaller  and  smaller,     in  a  rail  uf  altotil  90  \b^^^ 
per  yard  {iS  kilograms  per  metre),  the  limit  is  reached  ;  any  further  luercBse  in  Ihe  sUlTnes^s^ 
of  tb«  rail  baa  prnclically  no  effect  in  distributing  the  load  over  llie  sleepers. 

On  the  other  hand,  we  road  on  page  1S9  (English  edition)  as  follows  : 

From  this  point  of  view,  the  new  cross  sections  of  Ihe  French  Bnd  Belgian  railways 
correspond  to  u  weight  of  92  to  ]00  lbs  per  yard  (16  to  oO  kilograms  par  melrej  sutrm  juslv 
Tied,     This  is  shown  in  the  subsequent  table. 

This  seems  somewhat  contradictory. 

.\l  the  St.  Petersburg  meeting,  Ihe  Congress  agreed  that  there  was  a  lcndeoc~J 
towards  increasing  the  weight  of  rails;  this  tendency  sliil  seems  to  exist. 

I  should  therefore  like  to  hear  the  opinion  of  our  Belgian  friends  on  the  "  Colialli.^ 
rail  which  Ihcy  use. 
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Do  they  think  of  using  rails  weighing  more  than  105  lbs  (52  i&ilograms)  or  do  they 
^hare  Hr.  Ast's  views  in  that  this  is  too  heavy? 

Mr.  de  Biuschere,  Belgian  State  Railways.  (In  French.)  —  In  reply  to  the  questions 
^nsked  this  morning  by  Mr.  Dietler  and  now  by  Mr.  d'Abramson,  I  must  first  state 
'^hat  our  105  lb  (52  kilograms)  rails  give  satisfaction.  They  provide  a  good  road  and 
personally  I  have  no  fault  to  find  with  them  except  that  they  cost  more  than  is 
:B:iecessary.  No  doubt  so  far  as  stability  is  concerned  a  rail  weighing  80  or  90  lbs 
C  40  or  45  kilograms)  would  have  been  heavy  enough,  but  the  Belgian  Administra- 
't.ion  wished  to  have  a  large  margin  for  wear.  This  can,  with  the  Goliath  rail,  go 
SIS  far  as  an  inch  (25  millimetres)  and  this  was  the  main  inducement  for  adopting 
*he  type. 

The  wear  of  this  rail  has  already  been  discussed  at  the  St.  Petersburg  meeting. 
M  then  stated  that  the  crossings,  diamond  and  acute,  wore  out  rather  quickly,  and 
^hat  at  many  places  they  had  to  be  renewed  after  two  years  and  even  less. 

The  attention  of  the  foundries  which  supplied  them  was  called  to  the  circum- 
stance and  they  are  trying  to  find  methods  of  manufacture  which  will  prevent  rails 
^3ki  crossings  from  wearing  out  faster  than  in  the  ordinary  road.  I  hope  they  will 
iMTieet  with  success,  but  only  time  can  show  us  positively  how  far  we  may  expect  satis- 
*"actory  results. 

■r.  Mantegazza,  Mediterranean  of  Italy  Ry.  (In  French.)  —  I  should  like  to  ask  the 

^^crueeting  what  it  regards  as  the  best  type  of  permanent  way  for  main  lines  to  adopt. 

As  you  are  aware  we  have  long  tunnels  on  our  line,  the  Mont  Cenis,  Ronco  des 

riovi,  Sella,  etc. 

We  work  lines  which  do  not  belong  to  us.     In  the  Ronco  tunnel  the  Government 

lad  73  lb  (36  kilograms)  Vignoles  rails  laid ;  in  four  years,  the  track  had  to  be 

^^c^laid. 

We  have  had  to  take  to  chair-rails,  and  their  dimensions  are  as  follows;  height 
Vs  inches  (0-150),  2  ^^/^g  inches  (0-072)  for  the  upper  and  3  V2  inches  (0*090)  for  the 
lower  head.    This  rail  weighs  90  lbs  (45  kilograms)  and  has  proved  satisfactory. 
^^'hat  I  specially  want  to  know  is  whether  we  ought  to  give  the  preference  to  chair- 
^^rails  rather  than  to  Vignoles  in  long  tunnels  where  oxidation  is  to  be  expected. 

We  are  in  the  habit  of  giving  the  rails  in  tunnels  a  coat  of  paint  to  protect  them 
:Sroni  rusting.  Now  they  can  be  painted  much  more  quickly  if  the  rail  is  on  chairs 
^ind  on  this  account  a  chair-rail  would  appear  to  offer  advantages  not  possessed  by 
'^he  Vignoles.  I  offer  this  as  a  suggestion  to  the  meeting  and  should  be  pleased  to 
liear  the  opinion  of  those  present.  The  rails  could  be  easily  changed  —  a  by  no 
iKieans  unimportant  point  —  for  the  longest  interval  between  the  trains  is  two  hours. 

The  President.  (In  French.)  —  The  question  still  under  discussion  is  the  weight  of 
:arails.  Will  any  delegate  give  us  any  information  on  the  subject?  The  reporter 
•or  the  continent  thinks  there  is  nothing  to  gain  by  increasing  the  weight  beyond 
90  lbs  (48  kilograms). 


Mr.  Sabotuet,  I'nris  und  Orleans  Ity.  (In  French.^  —  Gentlemen,  the  rusoluliuns  m 
proposed  tL'nd  lo  arrive  at  some  relation  between  weight  of  rail  and  speed  of  traiiiK  ^ 
that  the  road  can  bear. 

Il  has  boeji  said  that  rails  weighing  from  70  to  SO  lbs  (3a  to  40  kilograms)  suif 
speeds  of  from  SO  lo  5G  miles  (80  to  00  kilometres)  an  hour ;  on  the  other  hand,  if 
has  been  stated  thai  heavier  rails,  i.  e.  exceeding  80  lbs  [Hi  kilograms),  must  be  uso  .^rr: 
on  roads  which  will  have  to  stand  speeds  greater  than  62  miles  (100  kilometres]  a_^ 
hour.  These  statements  seem  to  be  rather  expressions  of  opinion  than  deducUaor^^i 
from  facts. 

Indeed,  if  I  take  as  an  instance  what  happens  in  France,  !  find  on  the  oi^— a 
hand   that  some  Companies  who   run   very  fast  trains  —   Ihoir   speed    rcach^^^ 
74  and  87  miles  (120  and  140  kilometres]  an  hour  —  use  60  lb  (30  kilogram^^ 
Vignoles  rails. 

These  Companies  have  trains  booked  at  speeds  of  62  miles  (100  kilometres). 

On  the  other  hand,  wo  find  that  other  Companies  which  uso  77  lb  (38  kitogran^^* 
rails  hesitate  to  exceed  l)2  miles  (100  kilometres)  an  hour.     The  explanatiou 
mainly  the  stability  of  the  engines.     This  is  why  1  think  it  would  be  unwise  ' 
acknowledge  that  there  was  a  fixed  relationship  betweeji  the  minimum  weight  of 
rail  and  the  maximum  speed  it  could  stand. 

Mr.  A^ellflt,  Northern  of  France  Hy.  [In  French.)^ There  is  a  lineontheNortl"^* 
trn  of  France  laid  with  60  lb  (30  kilograms)  Vignoles  rails  upon  which  run  trai*^ 
which  often  exceed  62  miles  (lOO  kilometres)  an  hour.  The  track  will  remain  as  i 
is  for  a  long  time  yd,  but  we  are  gradually  exchanging  these  rails  for  ones  weigl:^" 
ing  1)0  lbs  (4i>  kilograms),  because  wo  recognise  the  fact  that  though,  as  il  is  ^^- 
present,  lh»  line  is  suitable  for  heavy  Iraftic,  not  only  as  regards  tonnage  but  als*"" 
speed,  il  is  cosily  lo  mainlain  and  is  warding  in  stability. 

The  90  lb  (4K  kilograms)  rail  has  been  adopted  in  order  lo  get  a  strong,  stable  Itoe^^ 
capable  of  bearing  incre^so-d  speed.     1  think  that  a  line  with  60  lbs  (30  kilogram^^^ 
rails  if  well  maintained  can  carry  a  grcml  deal  of  trallic ;  but  for  the  sake  not  only  o  -^ 
easier  running  but  of  reducing  maintenance  expenses  also,  il  is  preferable  tu  us^^ 
!)0  lbs  (45  kilograms)  rails. 

The  number  of  sleepers  is  a  very  important  factor;  for  lines  carrying  the  import' 
ant  expresses,  16  sleepers  seem  advisable  for  a  90  lb  (4S  kilograms)  rail  mo-asurinj 
39  feel  (12  moires);  for  lines  currying  tmins  of  moderale  speed,  14  or  IS  sleepei 
may  he  I'nough. 

Mr.   Belelubslty,   Itussian  Stale   Kailways.   (In    French.)   —   Mr.   Asl  stales 
page   I4S  (English  edition)  of  his  report  :  Itails  should  have  a  cross  section  whosi 
mmntnt  ofrenislance  is  about  /S-  VO  nibie  inehrg  (200  nihic  ct'Mlimelret). 

This  implies  (hat  with  rails  of  similar  weigh!  dilTcrenl  moments  of  resigtana>  and 
degrees  of  stability  may  be  obtained. 

In  Kussia,  with  lighter  rails  their  section  is  conslructed  lo  offer  greater  resisLincv 
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^^ccordiDgly»  I  agree  with  Mr.  Sabouret  that  60  )b  (t-iO  kilograms)  rails  can  stand 
■ligh  speeds,  and  this  depends  essentially  on  the  moment  of  resistance. 

Hr.  De  Busschere,  Belgian  State  Railways.  (In  French.)  —  On  page  124  (English 
version)  of  Mr.  Ast's  report  we  find  the  following  passage  : — 

A  railway  can  certainly  not  be  considered  properly  constructed  when  the  traffic  on  it  can 
^>Dly  be  worked  with  excessive  repairs ;  and  it  is  from  this  point  of  view  that  we  must 
^z;onsider  the  value  we  have  found  above  by  calculation  as  the  highest  limit  of  the  serviceable 
^rapacity  of  a  line. 

So  Mr.  Ast  agrees  with  Mr.  Agnellet,  for  Mr.  Ast  is  also  of  opinion  that  for  a  road 
^o  be  good  it  is  not  sufficient  that  it  allows  of  trains  running  fast;  it  must  also  not 
<30si  too  much  to  maintain. 

We  have  lines  in  Belgium  which  stand  very  heavy  traffic  and,  though  they  are 
excellent  so  far  as  stability  is  concerned,  they  cost  a  great  deal  to  maintain  and  we 
90*6  trying  to  reduce  maintenance  expenditure  by  strengthening  them* 

Mr.  Agnellet.  (In  French.)  —  Observations  now  being  made  on  our  railway  give 
^mis  reason  for  believing  that  increased  weight  of  rail  means  considerable  economy 
in  maintenance  expenses. 

Mr.  von  Leber,  Austrian  Ministry  of  Commerce.  (In  French.)  —  1  do  not  think 
Hr.  Ast's  meaning  has  been  quite  grasped.  He  is  supposed  to  want  to  establish 
^  relation  directly  between  speed  and  weight  of  rail.    This  is  not  quite  the  case. 

Mr.  Ast  has  discussed  three  cardinal  points  :  1*^  Speed;  2°^,  weight  of  rail,  and 
^,  load  per  axle.  The  last  is  very  important  and  I  may  incidentally  mention  that 
in  Austria  and  Germany  the  load  does  not  exceed  14  tons. 

Taking  these  three  points  into  consideration,  Mr.  Ast  has  expressed  the  opinion 
that  an  80  lb  (40  kilograms)  rail  was  heavy  enough  to  stand  a  speed  of  50  miles 
(80  kilometres)  per  hour. 

If  you  specify  the  weight  per  yard,  the  engineer  will  of  course  design  the  section 
of  rail  80  as  to  obtain  the  best  result  possible. 

There  can  be  no  doubt  of  that.  I  am  drawing  the  attention  of  the  meeting  to  the 
exact  signification  of  Mr.  Ast*s  deduction  which  it  seems  to  me  has  not  been  clearly 
understood. 

Mr.  Sietler,  Gothard  Ry.  (In  French  )  —  I  beg  to  thank  Mr.  Dc  Busschere  for  the 
information  he  has  given  lis. 

According  to  him,  the  iOo  lb  (52  kilograms)  rail  is  successful,  but  no  inconve- 
nience would  arise  if  it  were  lighter. 

I  may  inform  the  meeting  that  Swiss  engineers  formally  investigated  this  point 
with  a  view  to  recommending  a  typical  strong  rail  for  lines  with  heavy  traffic. 
They  came  to  the  conclusion  that  for  lines  with  the  heaviest  traffic  a  quite  satis- 
factory line  could  be  constructed  with  rails  not  exceeding  95  lbs  (47  kilograms) 
in  weight.    They  arrived  at  this  after  due  consideration  not  only  from  the  technical, 


l)ul  also  from  the  economic  point  iif  view,  a  side  of  Ihe  quostiou  wliicli  lias  so  Ta.^^^ 
not  been  discussed  here, 

Sii  ihey  thought  thai  a  !)5  lb  (47  kilograms)  pail  —  Ihe  heaviest  Dtil  we  nse 

was  inconleslably  the  least  cosily,  granted  thai  it  lasts  longer  —  consequently  th-  ^r~ 
annual  sinking  fund  is  not  so  great  —  and  moreover  this  considerably  reducc^rnz* 
expenditure  on  maintenance.  Tims  the  rust,  including  interest  on  capital,  isIowc:!=:=s 
and  in  all  respects  the  9o  lb  (47  kilognims)  rail  seems  lo  meet  requirejnents  mo^^  « 
efficiently. 

I  have  thought  that  what  we  have  heard  to-day  frum  those  representing  differei:r^a« 
countries  only  bears  out  this  conclusion. 

However,  !  think  Mr.  Ast's  conclusion  is  rather  loo  wide,  for  he  suggests  that  tli^^c=^ 
weight  should  be  between  70  and  93  lbs  (35  and  46  kilograms). 

Having  regard  to  what  has  been  said  during  this  discussion  we  might  raise  tl^^=^ 
minimum  and  take  80  lbs  (40  kilograms)  instead  of  it.  We  should  then  say  thcn:^^ 
a  rail  for  a  line  carrying  very  heavy  traffic  ought  to  weigh  between  80  and  95  ll^c^^ 
|40  and  47  kilograms}. 

Mr.  von  Boschan,  Emperor  Ferdinand's  Northern  of  Austria  Ky,  (In  French, 1  — — — 
I  should  like  to  draw  Mr.  Dieller's  attention  to  the  exact  bearing  of  Mr.  Ast's  con^^^ 
elusions. 

The  reporter  has  drawn  a  definite  distinction  between  lines  traversed  by  Irain^^-^ 
running  at  30  miles  (80  ktlomelresj  an  hour  with  axle  loads  not  exceeding  44  lon!^^=^ 
and  lines  where  trains  run  at  speeds  greater  than  30  miles  {80  kilometres;  and  axl  -^ 
loads  exceed  14  tons.  This  accounts  for  the  suggested  ditferencc  in  the  weigh^^*^ 
of  the  rails.  In  the  former  case,  that  is  on  lines  where  the  important  expressc  ~ 
do  not  run  and  which  do  not  Ciirry  very  heavy  traffic,  he  thinks  70  lb  (35  kilogrnm^^^ 
rails  are  suitable;  in  Ihe  second  ease  he  recommends  rails  weighing  80  lbs  (40  kilo— — 
grams)  and  upwards. 

Mr.  Mante^azza,  Medilerranean  of  Italy  Hy,  (In  French.)  —  I  do  not  see  why  wti^^^ 
should  specify  the  weight  of  Ihe  rail,  for  in  my  opinion  it  is  nol  upon  Ihe  weight'* 
lliat  quality  depends.  A  road  may  be  quite  good  with  a  comparatively  light  rai^ 
if  enough  slwpers  are  usal.  What  ought  above  all  to  be  settled  is  how  the  metaff  ' 
should  be  utilised  su  tar  as  the  section  of  the  rail  is  concerned.  These  remark;^^* 
apply  l(j  lines  which  do  not  carry  heavy  tralfic.  However,  for  lines  which  carrv"^  ' 
the  important  expresses  and  nilling  stock  with  15-  ton  axle-loads  1  Ihink  the  weight—-^ 
ofllie  rails  should  exceed  73  lbs  (30  kilograms). 

The  President.  (In  French.)  —  I  must  ask  you  lo  keep  the  discussion  withiik^  ■* 
limits. 

The  reporter  is  of  opinion  that  for  lines  u[>on  which  trains  run  at  oO  iitJIft^  ■•* 
(80  kilometres)  an  hour  as  a  maximum,  and  the  axle  load  does  not  exceed  14  tons^^  ' 
70  lb  (35  kilograms)  rails  meet  all  requirements.  On  the  other  hand,  he  thinks  thaE^--' 
as  soon  as  this  speed  and  load  are  exceeded  a  heavier  rail  must  be  used  and  it^^^  ' 


^veight  may  reach  as  much  as  90  lbs  (45  kilograms).     According  to  him,  there 
is  nothing  to  be  gained  by  exceeding  this. 

Mr.  Mantegazza.  (In  French.)  —  Who  says  so? 

Mr.  von  Leber.  (In  French.)  —  The  reporter. 

The  President.  —  The  importance  of  this  question  will  not  escape  you. 

Mr.  Mantegazza  (In  French.)  —  By  combining  the  respective  advantages  of  the 
double-headed  and  Vignoles  rail,  we  might  get  a  line  on  chairs  with  rails  not 
exceeding  90  lbs  (45  kilograms).     This  is  what  we  have  done  in  the  Ronco  tunnel. 

Mr.  von  Leber  (In  French.)  —  It  is  all  a  question  of  expense. 

Mr.  Bmneel,  Belgian  State  Railways  (In  French.)  —  I  cannot  agree  with  the  reso- 
lution proposed  by  the  reporter,  Mr.  Ast,  as  to  the  weight  of  rails.  We  cannot 
decide  that  it  shall  be  looked  upon  as  going  too  far  if  we  use  rails  exceeding  90  lbs 
^45  kilograms)  in  weight  for  roads  carrying  very  heavy  traffic. 

In  arriving  at  the  conclusions  proposed,  Mr.  Ast  relies  mainly  on  theoretic 
^prounds  and  on  calculations  supported,  it  is  true,  to  a  certiin  extent  by  the  results 
^)f  experience.  My  opinion,  gentlemen,  is  that  a  limit  in  the  weight  of  rails  cannot 
ie  based  on  calculations  only  and  that,  though  theory  may  carry  weight  in  fixing 
^i  minimum,  it  cannot  lead  to  determining  a  maximum  weight  which  is  not  to  be 
^exceeded  without  being  considered  excessive. 

But  I  believe  I  am  much  nearer  agreeing  with  Mr.  Ast  on  this  point  than  would 
appear  at  first  sight.  For  I  read  on  page  143  (English  edition)  of  the  report  before 
lis  the  following  passage  : — 

But  to  absolutely  determine  the  type  of  construction  for  a  road  suitable  for  high  speeds 
is  impossible,  because  the  increased  stresses  due  to  increased  speed  have  not,  either 
1)Y  theory  or  experiment,  been  determined  with  a  suflicient  degree  of  accuracy. 

This  opinion  is  expressed  elsewhere  in  other  words,  for  instance  on  page  107 
<English  edition),  where  Mr.  Ast  states  that  :— 

A  theoretical  examination  does  not  give  us  an  absolute  measure  of  the  capabilities 
of  a  line. 

One  of  the  most  important  factors  in  the  strain  on  a  line  is  the  dynamic  force 
caused  by  abnormal  shocks  which  increase  considerably  as  the  engines  run  faster. 
Upon  this  point  we  only  possess  approximate  hypotheses  which  can  only  be 
X(^rded  as  near  the  mark  and  do  not  seem  to  me  sufficient  justification  for  fixing 
sa  maximum  weight  for  rails. 

So  then  the  Congress  cannot  formally  decide  that  90  lbs  (45  kilograms)  should 
l)e  an  extreme  limit  that  may  not  be  exceeded.  This  weight  is  only  the  result 
of  theoretic  calculations,  based  on  uncertainty  and  no  such  absolute  conclusions 
^n  be  drawn  from  it. 
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Why  tlrcii  nlhnv  as  a  inaxinmm  !)0  lbs  (4o  kilo^rnms)  and   not  93  or  97 
(46  or  48  kilograms)  Hkr  IJio  Paris,  Lyons  and  Modilcrraiican  Compiiny, 
103  !l>8  {S2  kilograms]  like  Ihc  Belgi;m  Slate  Railways? 

The  section  ought  lo  ayroc  nithor  willi  the  English  reporter,  Mr,  Hunt,  ^^ 
says  on  page  7  : — 

As  regards  the  ctiluiiluLionit  of  Ihe  islrnins  imposud  oil  mils  by  Ibc  rolling  loatl,  us 
various  stresses  cannot  hu  iisccrluinudsullli'iciilly  ut^ctiraluiy  lu  eiiuble  ii  rail  to  he  desj^^a 
on  the  same  scicnllCc  principles  as  n  girder  would  he,  it  in  considered  liy  Eoglisli  fii|rtn  i—,     ...^  i 
that  clost^  and  ciircrul  observatiunK  of  Ihc  eiTectt  produced  upon  tli«  road  by  Iht^  roftl^^or  i 
louds  which  pass  over  it  is  the  beat  means  uf  determining  the  site  mid  shape  ot  tlie  mil.  i 

I  think  that  this  is  the  trulh  anil  that  we  ought  to  trust  rather  to  facts  than  to  t  -Jie 
results  of  mathematical  formulae,  for  ihi'se  can  only  very  roughly  allow  f^fcr 
abnormal  strains  which  lo  such  a  large  extent  affeel  the  stmin  on  the  compone  •>" 
parts  of  the  permanent  way. 

Accordingly  I  suggest  to  the  section  that  they  should  not  fix  any  extreme  liniJi,  bi^*^! 
that  they  should  ralher  confirm  what  the  Congress  has  already  often  affirmed  S  " 
rather  a  vague  way  perhaps  —  but  we  all  know  why  the  conclusions  of  the  Conjir*^^^ 
are  sometimes  vague  —  that  the  permanent  way  ought  to  be  strengthened  in  pre-*" 
portion  to  the  loads  it  has  to  carry,  to  the  amount  of  traffic  and  lo  the  sp*wi  cr^f 
the  trains. 

Were  we  to  fix  Ihe  maximum  at  90  lbs  (43  kilograms)  as  proposed  by  Mr.  Kt^^' 
we  should  be  criticising,  imjuslly  perhaps,  the  measures  Ukcn  by  Ihc  Paris-Ljci^^^* 
and  Mediterranean,  and  by  the  Belgian  State  who  have  97  and  iO,S  lb  (48  an  -*** 
S2  kilograms)  rails  respectively. 

1  Ihink !  am  justified  in  urging  that  90  lbs  (4o  kilograms)  —  a  weight  which  al 
all  depends  (or  acecpt«nce  upon  theoretic  considerations  checkwi.  it  is  true,  by  »»  -^' 
Hcicnts  whose  value  we  cjinnot  gauge  —  should  nol  be  accepted  as  nn  absolute  mwi' 
mum  which  cannot  be  passed  without  extravagance. 

Kr.  Aflt,  reporter.  (In  French.)  —  It  is  very  difficult  to  give  an  exact  figure.    Eat; 
Administration  um  make  its  roads  taking  into  consideration  the  circumstimces  c:^ 
working  them.     But  when  it  is  a  question  of  making  a  typical  rond,  a  line  calcic^- 
laled  for  the  fastest  expresses,  the  following  question  should  be  put  :  will  m.^ 
circumstances  require  a  furtlier  increase  of  the  axle-load  or  a  further  incr 
in  speed? 

It  is  to  meet  this  possibility  that  we  ought  to  recommend  that  the  section  of  It* 
line  should  be  such  Ihal,  by  some  simple  means  such  as  additional  sleepers,  tli«  miE 
may  be  able,  if  need  be,  to  stand  greater  strain. 

ExpL'rience  teaches  us  thai  the  rail  with  a  moment  of  resistance  equal  to  l! 
inches  (200  cubic  centimetres)  is  a  rail  whoso  weight  exceeds  8U  lbs  (40  kilogrsniw^  -    „ 

1  beg  you,  gentlemen,  to  look  at  Ihe  typical  instances  1  have  given  in  my  report  ai^»-  ^ 
1  feel  convinced  that  you  will  adopt  my  proposals. 


lers,  tli«  miE^*  ^ 

0 12-30  rub -5»*j 
0  kilogruni^fc^^jl 


Mr.  Wasiatynski,  Warsaw- Vienna  Ry.  (In  French.)  —  We  have  just  been  told 
that  a  relation  can  be  established  between  weight  of  rail,  axle  load  and  speed. 
1  grant  this.  But  I  think  that  the  rail's  section,  upon  which  depends  how  the 
substance  forming  it  is  utilised,  must  be  specified.  Weight  does  not  always  coincide 
ivith  resistance. 

Besides  I  think  the  weight  of  a  rail  is  subordinate  to  the  spacing  of  the  sleepers  and 
that  it  would  be  a  good  thing  to  specify  what  the  spacing  is. 

The  President.  (In  French.)  —  Do  not  let  us  discuss  the  spacing  of  sleepers  just 
now.     We  will  deal  with  that  later  on. 

Mr.  Waeiatyneki.  (In  French.)  —  Still,  sir,  I  think  we  must  discuss  it,  for  other- 
wise the  relation  between  weight  of  rail,  axle  load  and  speed  will  be  arbitrary. 

The  President.  —  1  think,  gentlemen,  the  general  discussion  should  be  considered 
dosed'.  The  principal  secretary,  Mr.  Debray,  will  submit  for  your  deliberation  a 
^notion  based  upon  the  remarks  already  made  which  may  serve  as  a  groundwork  for 
discussion. 

Mr.  Debray,  pnncipal  secretary.  (In  French.)  —  The  following  is  the  motion  to  be 
0)nsidered : — 

'*  1**.  The  section  agrees  that,  where  necessary,  express  trains  at  a  speed  of  from 
'*   62  to  74  V2  miles  (100  to  120  kilometres)  can  run  over  a  line  laid  with  60  lb 

*  (30  kilograms)  rails,  but  for  various  reasons  and  specially  with  a  view  to  decrease 

*  expenses,  heavier  rails  are  preferable; 
««  2"''.  The  weight  of  rails  for  express  lines  depends  upon  the  type  of  permanent 
way,  the  speed  of  the  trains,  the  methods  of  construction  and  the  running  of  the 
rolling  stock; 

•'  3"*.  For  an  axle-load  of  14  tons  and  a  maximum  speed  of  50  miles  (80  kilo- 
metres) an  hour,  70  lb  (33  kilograms)  rails  are  heavy  enough; 

•*  4"».  If  the  axle-load  is  greater  or  the  speed  higher,  heavier  rails  —  up  to  90  lbs 
(45  kilograms),  —  should  be  used; 

*'  5^.  A  heavier  rail  than  90  lbs  (45  kilograms)  does  not  seem  at  present  to  offer 
sufficient  advantage  to  justify  the  increased  prime  cost.  *' 

A  delegate.  (In  French.)  —  I  request  that  a  slight  alteration  may  be  inserted. 
;|)ropose  that  the  words  if  a  road  is  well  fnaintained  be  substituted  for  where 
^cessary. 

We  must  avoid  wording  which  would  censure  Administrations  using  60  lb 
^^t)  kilograms)  rails.- 

Mr.  Debray.  (In  French.)  —  It  is  of  course  understood  that  all  lines  are  well 
^^c^ntained  and  so  there  is  no  use  in  saying  it. 

lb.  Belly  Indian  Government  Railways.  —  May  I  ask  whether  the  resolution  is  to 
^^ft*r  to  flat-footed  rails  or  to  double-headed  rails?  I  take  it  the  mere  expression 


40  or  80  lbs  per  yani,  conveys  bul  little  meaning  when  two  difFereot  classes  of 
raits,  one  with  chairs,  and  tlie  other  without,  are  in  question. 

Th«  President,  —  That  is  the  diiiicully  of  which  I  spoke  this  morning.  There  a  rw 
two  different  systems.  There  is  the  system  of  Vignoles  and  there  is  Ihc  English 
system.     Have  you  any  objection  to  the  answer? 

Mr.  Bell.  —  Roughly  speaking,  sir,  I  hold  that  you  should  add  at  least  10  p.  *::• 
to  the  weight  of  rail  when  you  speak  of  the  flat-footed  Vignoles  which  comparMO  *> 
all  fours  with  a  given  double-headed  rail. 

The  Fresident.  (In  Fn^nch.}  —  .Still  practice  shows  that  trains  can  run  at  62  mil^s* 
(100  kilometres)  an  hour  on  GO  lb  (30  kilograms)  Vignoles  rails. 

If  this  is  feasible  on  Vignoles  rails,  it  is  still  more  so  with  double-headed  rails  c^f 
the  same  weight. 

Mr.  Agneliet,  Northern  of  France  Ry.  [In  French.)  —  As  worded  the  motion  tak^s* 
no  count  oflhc  number  of  sleepers.  Now  this  factor  cannot  be  disregarded.  Aslt'*'' 
successive  supports  of  the  road  are  not  always  of  equal  value  the  exact  stability  or  * 
rail  cannot  be  estimated.  Nevertheless  the  spacing  of  the  sleepers  is  most  intimate 'Kj 
connected  with  the  stability  of  a  road. 

To  be  suitable  for  express  trains  a  line  laid  with  60  lb  |30  kilogramsi  raiE  '' 
must  have  its  sleepers  close  together  and  they  must  lie  on  first  class  ballast,  t--^^" 
the  Northern  of  France,  there  are  now  10  sleepers  per  60  lb  (30  kilogramsj  rsi^i'- 
2fi  feet  2  inches  (8  metres)  in  length  and  there  will  be  11  soon. 

There  can  be  no  doubt  that  express  trains  can  run  on  a  road  laid  with  60  1^ 

(30  kilograms)  rails.  Still  it  would  be  well  to  lay  stress  on  the  wording  of  tE^^ 
motion  by  stating  that  very  good  ballast  is  necessary  and  the  sleepers  ne^4  to  ~  he 
close-spaced  in  proportion  as  engines  are  heavy  and  speed  high. 

Hr.  Biiere,  I'aris  and  Orleans  Ry.  (In  French.)  —  Gentlemen,  it  appears  to  me  II^P^ji/ 
several  points  which  must  be  taken  into  account  have  escaped  discussion,    t'k.  .mt 
of  all  a  great  deal  depends  upon  curves.     An  instance  has  been  given  of  eipr-«ttf 
trains  running  over  (SO  lb  '30  kilograms)  rails.     I  believe  the  line  in  questioo  has 
only  a  few  curves  of  very  large  radii,  exceeding  iO  chains  (800  metres!.    If  1   am 
mistaken  I  hope  some  one   will  correct  me.     Curve  radius  must  be  taken  iak' 
account. 

Secondly,  we  must  not  neglect  the  type  of  engine  used.  I  am  again  referring 
to  the  line  we  have  been  considering  and  I  find  some  very  interesting  points  aboul  il. 

The  engines  in  use  upon  this  line  have  been  exceedingly  carefully  devised-  It  ^ 
been  no  light  task  to  succeed  in  running  trains  at  62  and  69  miles  ilOOandllOlilo- 
metres)  an  hour  over  60  lb  (30  kilograms)  rails. 

At  the  outset  there  were  ditficullies,  but  fortunately  there  exists  in  this  fxirai«iiy 
the  most  perfect  harmony  belween  the  locomotive  and  permanent  way  deparimenW. 
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Mr,  Alt,   icpurtcr.  (In   French.)  —  I  wanl  U)  say  a  won!  or  two  in  rcpl; 
Mr.  Wasiulynski,  who  lias  touched  upon  the  spacing  of  sleepers. 

As  I  have  said  in  my  report,  Ihe  spacing  anii  number  oi'  sleepers  aro  more  or  less 
dependent  on  the  carrying  capacity  of  the  rail.  These  dolaila  only  afft^cl  tho  pres- 
sure on  Ihe  biitlast  When  a  line  is  laid  down,  whether  with  light  or  heax^  rails. 
Uie  smaller  the  distance  between  the  sleepers  the  less  the  pressure  on  the  bnlliist'and 
the  more  favoumble  it  is  to  economy  in  maintenance. 

The  length  of  sleepers  is  a  factor  which  should  also  be  considered  In  its  relation 
to  the  |)Ositioii  occupied  by  Ihe  wheels  of  the  vehicles,  for  this  position  mudilii 
the  load  on  the  rail  and  the  pressure  on  the  ballast  which  depends  on  this  load. 

Mr.  Debray,  principal  scavfary.  (In  French.)  —  The  President  bids  me  proimse  an_- 
alteration  which  will  meet  the  principle  pointed  out  by  Mr.  Bri^re.     The  alteration. 
consists  in  changing  Ihe  order  of  Ihe  paragraphs. 

Via  should  mmmence  with  this  one  : — 

'*  The  weight  of  rails  for  express  lines  depends  upon  the  type  of  permanent  way. 
"  the  speed  of  the  trains,  the  methods  of  construction  and  the  running  of  the 
"  rolling  slock.  " 

If  we  take  this  first  wo  shall  meet  Iho  views  of  permanent  way  engineers  without 
arousing  hostillly  among  locomotive  engineers. 

Kr.  von  Leber,  Austrian  Ministry  of  Commerce.  (In  French.)  —  This  wuuld  mean 
nothing.    In  passing  a  motion  like  this,  we  are  accepting  a  truism. 

Kr.  Debray.  (In  French.)  —  But  immediately  after  would  come  the  following  : — 

"  The  section  agrees  that,  given  favourable  circumstances,  express  trains  at  a  speed 

'■  of  from  02  to  7t  '/i  miles  [100  to  120  kilometres)  can  run  over  a  line  laid  with 

"  00  lb  (30  kilograms)  rails,  but  for  various  reasons,  and  specially  with  a  view  to 

"  decrease  expenses,  heavier  rails  are  preferable.  " 

Kr.  von  Leber.  (In  French,)  —  That  is  what  wo  ought  to  begin  with.  (Laaghler.) 
Mr.  Debray.  ;ln  French.)  —  Then  would  come  g§  3,  4,  and  S  in  the  order  I   read 
Ihcm  just  now. 

M.  Briere,  Paris  and  Orleans  By.  (In  French.)  —  I  think  it  is  a  mistake,  to  say 
nothing  iibout  curve  radii. 

The  PreBident.  iln  French.)  —  We  ought  as  far  tis  possible  to  look  at  things  from 
a  general  point  of  view  and  confine  ourselves  to  putting  on  record  the  result 
of  actual  experience. 

We  have  licen  told  on  the  one  hand  that  trains  do  run  at  speeds  of  from  09  to 
69  miles  (100  to  110  kilometres)  an  hour  over  60  lb  (30  kilograms)  rails.  On  Ihe 
other  hand,  we  aro  informed  that  we  can  trust  a  70  lb  (.^5  kilograms)  rail  for  linoa 
that  arc  to  carry  trains  running  at  from  HO  to  62  miles  (90  to  100  kilometres)  nn  Iionp, 
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f^inally  where  the  axle-load  exceeds  14  tons  and  speed  62  miles  (100  kilometres)  we 
srnay  go  up  to  90  lb  (4S  kilograms)  rails. 

These  are  the  limits  given  us  and  within  which  the  discussion  ought,  I  think,  to 
Jt>e  kept  without  going  into  points  which  only  concern  individual  Companies. 

Mr.  Att,  reporter.  (In  French.)  —  We  have  been  told  thai  the  Northern  of  France 
accepted  90  lbs  (45  kilograms)  as  the  weight  of  rails. 

The  Pmident.  —  Yes,  but  they  still  use  60  lb  (30  kilograms)  rails. 

Mr.  Agndlet,  Northern  of  France  Ry.  (In  French.)  —  The  Northern  Company  is 
^^[radually  changing  from  60  to  90  lb  (30  to  43  kilograms)  rails. 

The  President.  (In  French.)  —  The  Company  to  which  I  belong  works  main  lines 
ith  heavy  traffic  and  regards  it  as  unnecessary  to  use  a  rail  weighing  more  than 
0  lbs  (3K  kilograms). 

Mr.  Fonao,  French  State  Railways.  (In  French.)  —  1  think  it  would  be  better 
ot  (o  decide  upon  any  exact  figure  as  to  the  weight  for  rails. 
Mr.  Ast  says  in  his  conclusions  that  a  90  lb  f45  kilograms)  rail  is  the  most  suitable 
or  express  lines,  but  has  no  intention  of  finding  fault  with  the  use  of  a  lighter  rail. 
Moreover,  the  various  French  railway  Administrations  are  endeavouring  to 
mprove  the  stability  of  their  lines,  to  increase  the  weight  of  the  rails  laid  on  lines 
pon  which  trains  run  at  50  miles  (80  kilometres)  an  hour  and  to  make  the  weight  a 
^Xninimum  of  80  lbs  (40  kilograms).  I  therefore  think  it  would  be  better  to  submit 
"•x)  the  section  the  following  resolution  : — 

**  The  section  is  of  opinion,  due  account  being  taken  of  the  other  elements  of  the 
'^^  permanent  way  and  the  construction  of  the  rolling  stock,  that  there  is  a  general 
^^^  tendency,  whether  it  be  with  the  object  of  increasing  the  stability  of  the  road  at 
'•*  present  or  to  meet  future  traffic  requirements,  to  increase  the  weight  of  rail  on 

*•'  lines  with  expresses  at  over  50  miles  (80  kilometres)  an  hour  to  a  minimum  of 

'•^  roughly  80  lbs  a  yard  (40  kilograms  per  metre).  " 

Mr.  Ton  Leber.  (In  French.)  —  I  do  not  think  we  can  accept  Mr.  Fouan*s  resolution 
^as  it  stands.  It  is  impossible  to  say  that  80  lbs  (40  kilograms)  is  a  minimum  when 
it  is  a  fact  that  in  many  countries,  and  in  Austria  especially,  70  lb  (3o  kilograms) 

:rails  are  used  with  speeds  of  56  miles  (90  kilometres)  an  hour.     Mr.  Bric^rc  said 
just  now  that  on  some  railways  the  locomotive  and  permanent  way  departments 

work  in  harmony  to  the  great  advantage  of  the  service.    Unfortunately  this  is  not 

the  case  everywhere.  I  agree  with  Mr.  Bri6re  that  this  good  understanding  ought 

always  to  be  maintained  between  the  two  departments. 
Mr.  Bri6re  thinks  we  should  take  special  notice  of  sharp  curves.     This  does  not 

seem  to  me  necessary.     It  is  quite  understood  that  the  limits  we  are  suggesting  only 

refer  to  lines  in  normal  circumstances.      It  is  evident  that  very  fast  trains  cannot 

run  on  linee  with  exceptional  curves. 
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]fr.  BriAn.  (In  French.)  —  That  is  a  mistake  as  proved  by  the  fact  that  iIk— *~^i 
Orleans  runs  three  traios  each  way  Juily  at  a  speed  reaching  SO  miles  |gO  kilomelr^  ^_iz»mJ 
an  hour  over  a  line  with  curves  of  15  chiiin  radius  (300  metres).  iCries  of:  Vol^~  ^^  1^. 
vote.) 

ThePrwidaut.  —  1  think  the  seciiou  is  desirous  of  closing  the  discussion. 

Xl.  Pouan.  (In  French.)  —  In  order  to  satisfy  Mr.  von  Leber,  1  have  struck  o^^^"     "* 
the  worda  "  a  minimum  of"  from  my  resolution.     We  shall  therefore  fix  neilh^^^'    ^^_ 
minimum  nor  maximum  and  we  avoid  mndcmning cither  rails  under  HO  lbs  (40kil^^^.    ,i, 
grams)  or  rails  over  90  lbs  (4K  kilogranis),  the  Belgian  Goliaih  rail  and  the  Ori  ^^^^ 
(47  kilograms)  rail  ofthe  Paris  and  Lyons. 

The  PratidBiit  read  Mr.  Fouan's  resolulion  as  follows:—  , 

"  The  section  is  of  opinion,  due  account  being  taken  of  the  olber  elements  oflh   ^*  _,— 
"  permanent  way  and  the  construction  of  the  rolling  slock,  (hat  there  is  a  gencr%^     ** 
"  tendency,  whether  it  be  with  the  object  of  increasing  the  stability  of  Ihe  road  a  "*  "_ 
"  present  or  to  meet  future  traffic  reqniremenis,  to  inci-easc  Ihe  weight  of  r<uls  or 
"  lines  with  expresses  at  over  {(0  miles  (80  kilometres)  an  hour  to  roughly  80  lbs  c 
*'  yard  (40  kilograms  per  metre).  " 
—  This  was  unanimously  adopted  un<l  ihc  meeting  adjourned  at  430  p.  m. 


July  2,  1895,  at  10  a.  m. 
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Tho  Fr«aidaut.  —  I  suggest,  gentlcnien.  that  we  take  up  Mr.  Ast's  s«parato  con — 
elusions  one  by  one,  [Agreed.' 

"  I"'.  .\  layer  of  n'adily  penneable  ballast,  at  least  IS  "'« inches  (10  ccDlimetn>sV        C-^ 
'*  in  lliickness,  restiiij;  on  a  poHecdy  drained  sub-soil.  " 

Mr.  DsBuMchere,  Belgian  Stale  Railwa>-s.  (In  Fwm-h.'  —  Does  this  moan  that         **' 
there  ought  to  be  l.'i  '  ,  inches  -W  centimctresl  of  ballast  underneath  the  sleopcrsT 
InlerrufitioH.   It  stvnis  to  me  impttrlant  to  hf  rlexr  on  the  poinL 

Xr.  TOD  Leber.  Austrian  Ministry  uf  Comniertv.    In  French.)  -~  No.     It  is  tfae 
tola)  thickness. 

■r.  Da  Butehere.   In  French. t  —  The  Fii):li5h  r.iihvj>-s  3c>v{vt  tno  ferl  a»  the  total 
depth  of  the  (XTmanent  way.  and  thisdepthauTe«pondsloadep(horiMlla9 
l.'i  ■  ,  inches  40i.vniii«elrt>s  . 

Mr.  TOO  Lfber.  ,ln  Fr»"ueh,   —  We  understand  lo  ' ,  inches  (40  centii 
W  the  total  tloplh. 

Mr  Brim,  I'ans  »nd  Drleans  Ky,  hi  Frx>nch.' —  I  uucoutident  ttttlonll 


below 


lines  tTie  depth  of  the  ballast  below  the  sleepers  never  exceeds  9  Vs  inches  (SS  centi- 
metres ). 

Kr.  Xe BoucliBre.  iln  French.)  —  II  is  ditferent  in  England. 
Kr.    Xriere.  fin  Frenrh.)  —  We  cannot  accept  the  word  "  niintmum  "  in  this  resu- 
lulion,     ir  we  were  to  accept  the  principle   that  the  ballast  must  be  at  least 
15^/4  inches  (40  centimetres)  in  depth,  every  railway  Company  in  France  would 
be  obliged  to  alter  its  road.     1  also  think  ll  would  be  better  to  speak  of  depth 
below  the  sleeper.     In  France,  we  are  accuslomed  to  ballast  above  the  sleepers,  so 
the  resolution  would  have  to  read  not  IS  '-^U   inches  (40  oenlimetresj,  but 
nches  ;50  cenlimetres).     The  really  important  thing  is  the  depth  below  the 
'.     There  remains  the  question  whether  a  precise  figure  should  be  fixed, 
lb  not  m'j'self  think  it  is  advisable,  but  iT  the  section  attaches  importance  to  the 
point  1  must  beg  that  the  resolution  may  be  altered  to  read  "  a  minimum  of  from 
'  '/s    to  9  "/s  inches  |20  or  25  centimetres) "  instead  of  13  ^/^  inches  liO  centimetre!*). 
'  ^''ggest  therefore  that  the  paragraph  should  read  as  follows  : — 
"  A  layer  of  readily  permeable  ballast,  from  7  '/y  to  9  "/g  inches  in  depth  below 
"  the  sleeper  as  a  mininmni,  resting  on  a  perfectly  drained  subsoil.  " 
Mr.  Alt,  reporter.  [In  French.)  —  1  accept  the  suggestion. 

'^fr-  J.  E.  Bell.  Indian  Government  Railways,  —  it  appears  t*i  many  of  us  that  the 
depth  of  the  rail,  the  depth  of  the  chair  below  the  rail  and  the  depth  of  the  sleeper 
belo^v  the  chair  all  form  elements  in  that  elasticity  which  supplements  the  elas- 
ticity v^hich  the  ballast  opposes  to  the  rigidity  of  the  solid  ground  below.  Hence 
lo  merely  count  the  depth  of  the  ballast  from  the  underside  of  the  sleeper  as  a 
constant,  allows  variation  in  the  total  elasticity  of  the  road  and  omits  a  very  large 
nwnber  of  the  elements  which  are  essential  to  that  elasticity  which  is  required, 
^ai  is  our  position;  that  it  would  be  better  to  count  from  the  lop  of  the  rails  to 
^^  bottom  of  the  ballast  as  a  constant.  In  the  case  of  the  Vignoles  rail,  we 
""lainly  lose  something  by  omitting  the  chair  and  some  suitable  difference  must 
bi!  al  lowed  where  you  use  thicker  sleepers  and  where  you  use  thinner. 

I*"-    Briers.  (In  French.)  —  This  would  be  impossible,  unless  we  were  to  lix 
s«piirate  figures  for  Vignoles  and  for  double-headed  rails. 

Kr.  Semoalin.  (in  French.)  —  It  is  precisely  because  a  greater  depth  of  ballast  is 
used  with  the  Vignoles  rail  that  Mr.  Bell  has  made  the  suggestion. 

^^-  Briere.  (In  Freneh.)  —  I  am  clear  that  we  must  only  take  into  consideration 
llif  (Ifjiil)  (if  ballast  below  the  sleeper. 

*''-  Pefache,  ICastern  of  France  Ry.  ;ln  French.)  —  The  French  roads  have  only 
'  ^  'nches  20  cenlimelresj  under  the  sleepers,  and  they  arc  excellent. 

**"-  W.  Holieiiflgff«r,  Austrian  Ai)rth  West  and  South  North  German  Juucliou 


Ilsilway.  (In  French.)  —  It  mutt  vol  be  foi^len  thtit  the  ^f>tfi  of  baHflot  tins  to 

be  iliffiTdnt  Willi  steel  sleepers. 
Tbe  Pieeident.  —  It  is  understood  Ihal  we  nre  not  dealing  with  steel  sleepers. 
bTiie  reporters  tiavc  only  discussed  woyduii  sleepers. 

1  will  read  you  the  proposition  made  by  Mr,  Bell.  He  says  : — 
"  it  is  belter  to  count  the  requteile  depth  or  the  ballast  from  the  top  or  the  rail  to 
'  the  bottom  of  the  ballast,  for  the  Vignoka  rail  with  light  sleepers  has  a  vur>' 
'  mui^h  less  eliistic  bed  than  a  double-headed  rail  with  chairs,  so  thnt  by  incrcasio^ 
'  the  clastic  depth  you  substitute  in  effect  a  certain  quantity  of  ballast  lor  the  dctl— 
"  cicncy  in  daaticity.  " 

Mr.  W.  Hoheneireer.  iln  FrenLh.)  —  1  do  not  agree  with  Mr.  Bell.  Counting  the 
depth  of  the  ballast  fmm  the  bottom  of  the  mil  is  objectionable  because  certain 
Austrian  Administrations  lay  their  lines  so  that  the  base  of  the  rail  is  1  ^l,^  inch 
{i  eentimelres}  above  the  slet^per.  The  best  plan  is  to  define  the  depth  of  the  ballast 
below  the  sleeper. 

Mr.  d'Abr&mson,  Kussian  State  Kailways.  (In  French.)  —  I  affrcc  that  we  cannot 
accept  Mr.  Ifell's  proposal.     To  do  so  would  only  confuse  the  issue. 

—  Mr.  Bell's  proposal  was  put  to  the  vote  and  rejected. 

-  Mr.  Bri^re's  proposal  being  supported  by  the  reporter  was  accepted. 
The  Preeidmt.  —  Mr.  Ast's  second  conclusion  is  as  follows  : — 

'■  2"-'.  \Voo<I  or  steel  sleepers  at  least  8  feet  10  inches  (2'"70)  in  length  and 
'  "  10  '/4  inches  (26  eentimotns)  broad  at  the  base.  The  section  of  the  iileei»er  rnusl 
*'  be  such  as  to  allow  of  the  rails  being  securely  fastened. 

"  The  adojition  of  a  uniform  type  of  sleeper  as  in  England  would  be  highly 
"  desirable.  " 

Mi.W.  Hobenegger.  (In  French.)  —  We  must  not,  I  think,  push  too  far  the  length 
of  sleepers.  Almost  all  continental  railways  use  sleepers  of  7  ffct  10  inches  or 
8  feet  2  inches  (2'"40  or  2'"JiO)  in  length.  The  reporter  proposes  8  feet  10  iuchi-s 
(I"70).     I  cjinnot  agree  and  I  think  we  must  be  satisfied  with  8  feet  2  inch*^  (2"S0). 

Mr.  Petscbe,  Eastern  of  France  By.  (In  Fpcnih.'i  —  I  also  think  that  8  feet  10  inches 
I  (2»70)  is  excessive.     Further  I  consider  that  a  width  of  9  •/,  or  «  ■/»  inches  {*.i  or 
25  centimetres)  giii-es  an  excellent  road.     I  suggest  i)  '/j  inches  [H  centimetres) 
instead  of  10  '/<  inches  (2(>  centimetres). 

Mr.  von  Leber,  iln  French.)  —  It  lias  been  decided  that  we  are  not  to  deal  with 
»tct-l  slce|>ei-s.     Accordingly  the  words  must  be  struck  out  of  the  resolalkm. 

Mr.  d'Abramson.  (In  French.)  —  I  protest  strongly  against  fixing  the  length  of 
sleepers  at  8  feet  10  iuchet  (2«70j.    The  sleepers  that  we  use  in  Ituaaia  are  unly 
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«fou  2  inches  i^'"'6(i)  lonj,;,  but  ILe  wuod  of  ivhii;h  ihey  arc  made  is  4  '/t  inches 
fMt  millimetres)  bigger  Ihan  that  used  in  weslern  Euro[>o, 

TAb  President.  —  There  are  two  proposals,  ihc  one  to  iix  the  ten^^lh  at  8  feel 
JO  inchei?  '2"70i  and  the  other  to  lix  it  at  8  feet  2  inches  (2"'iiO). 
Mr.  d'AbraniBOD.  (in  French.)  —  I  object  Lo  fixing  any  figure. 
Mr.  Briers.  (In  Trench.)  —  1  should  like  lo  know  what  is  meant  by  the  words 
■'  unifoi-ni  type  of  sleeper  ". 
The  President.  — The  reporter  pro|»oscs  lo  adopt  as  in  England  a  standard  section. 
Kr.  Ajst,  reporter.  (In  French.)  —  I  beg  you  lo  observe  that  I  have  been  asked  lo 
lay  down  Ihe  requirements  for  an  ideal  permanent  way.     Accordingly  I  have  asked 
you  to    fix  :  {!),  the  thickness  of  the  ballast  at  a  minimum  of  7  "/g  to  9  "/s  inches 
(80  to  »K  centimetres)  (2),  the  length  of  the  simper  at  8  feet  10  inches  (2"'70),  and 
its  breael  th  at  10  'u  inches  (26  centimetres). 

1  feel    fcound  to  press  upon  the  section  the  adoption  of  these  proposals. 
Mr.  Von  Leber.  (In  French.)  —  It  is  an  ideal  railway  then  that  we  are  discussing. 
Mr-  A.Ht.  (In  French.)  —  It  is  impossible  to  construct  an  ideal  road  with  the 
sletipers   ;it  present  in  use. 

It.  P«tsche.  (In  French.)  —  I  conlVss  I  see  danger  in  accepting  Mr.  Asl's  pnipusals 
uDcundiiionally. 

We  apfl  really  settling  what  an  ideal  road  ought  to  be  and  how  il  should  differ 
in  th'!  dimt>nsions  of  its  component  parts  from  the  exisltng  roads  that  have  be^n 
tested  by  long  experience.  There  is  danger  in  saying  "  the  road  of  the  future 
is  so  and  so  "  for  Ihe  resolutions  of  the  Congress  cjirry  great  weight. 

"^t  French  engineers,  are  largely  conlrollod  by  our  (iovornment,  and  you  cm  see 
theretore  that  il  is  impossible  for  us  to  accept  a  decision  that  a  road  suitable  for  fast 
express  tratJic  must  have  sleepers  8  feet  10  inches  (2™70)  in  length,  resting  on  a  bed 
"'ballast  iS  ^/^  inches  [40  centimetres)  thick.  We  cannot  accept  it  because  a  long 
experience  has  shown  us  that  roads  resting  on  7  '/« inches  (20  centimetres)  of  ballast 
"II*"  sleepers  8  feet  2  inches  to  8  feet  8  inches  (2'"50  to  ^"GS)  long  and  8  "/i^  to 
'  'k  inches  (22  to  25  centimetres)  broad  are  perfectly  capable  of  carrying  very  heavy 
•"^'Us  at  speeds  of  75  miles  (120  kilometres)  an  hour. 

"  Would  also  be  a  mistake  lo  insist  on  a  uniform  type  of  squared  sleepers  as  in 
■^"gland,  where  the  sleepers  are  commonly  of  pine, 
'"  france  and  most  of  the  countries  of  western  Europe,  oak  or  beech  wood 
^Pcrs  are  used  and  they  cannot  be  regularly  squared  up  without  excessive  cost. 
'**  adopt  the  resolution  would  he  contrary  to  llii!  practical  spirit  which  should 

Our  deliberations. 
"*•  President.  —  I  think,  1  shall  meet  Ihe  wishes  of  Ihe  section  if  1  [lut  to  the  vole 
•^•fferenl  portions  of  Mr.  Asl's  second  conclusion  separately. 


ill  a  nihiimum  of  8  (cH  It)  in« 


Mr,  Asl  iiroposc'S  to  fix  I  In;  length  of  IIicslej?|i<.Ti 

—  All  anieiiiliiu'nl  proposes  8  I'cet  2  inches  (2"'yO). 

—  The  iimeiKlniL'nl  was  accordingly  put  to  the  voto  and  adopted. 

The  Fres'tdeat.  —  Mr.  Ast  projioses  to  fix  the  breadth  at  10  '/,,  inches  (26  c-^:^^ 
metres,.    Mr.  Pelsche  i)ropoBcs  9  '/i  inclies  (24  centimetres)  as  an  amendmeni^ 

—  The  amendment  was  adopted. 

The  President.  —  Finally,  Mr.  Ast  proposes  to  say  ;  — 

"  The  adoption  of  a  uniform  lypc  of  sk'eper  as  in  England  would  be  hi^^hly 
desirable.  " 

Mr.  Fetiche.  (In  French.)  —  As  1  have  said,  Iho  possibility  of  adopting  a  unifc^'*" 
type  depends  on  Ihc  nature  of  the  wood  employed. 

—  The  paragraph  was  [mt  to  the  vote  and  rejected. 

The  President.  —  M.  Ast's  third  conclusion  reads  as  follows  : — 
"  'A",  Hails  to  be  of  homogeneous  hard  and  tough  steel  from  29 '/t  to  39 '/;j  feel  (9 
"  12  metres]  long  and  with  a  section  whose  moment  of  resistance  should  be  al  lea 
"  \V  =  200.     These  rails  should  weigii  80  tbs  per  yard  (40  kilograms  per  melr 
"  or  more. " 

Hr.  Sebray.  (In  French.)  — The  section  decided  yesterday  that  the  weight  of  80  lt»^ 
[40  kilogramsj  was  not  to  be  considered  a  minimum.     The  matter  was  discussc^^ 
and  it  seems  to  me  impossible  to  re-open  a  question  that  has  been  decided. 

The  President.  —  This  portion  of  the  conclusion  goes  out,  as  the  section  ha^^ 
already  settled  tiie  question  of  weight, 

Mr.  von  Leber.  ~~  The  term  moment  of  remlance  which  occurs  in  the  conclusiLi^rr 
that  has  jusl  been  read  is  not  exact.     It  should  be  coeffiiient  of  llu  moment  of  rmJ^ 
tancc,   what  the  Paris  Congress  called   modulus  of  inertia,   in  other  words,  th^B 
quotient  of  the  moment  of  inertia  divided  by  the  distance  of  the  tibres  subjected  "^ 
the  greatest  strain  from  the  neutral  axis. 

1  may  mention  that  in  the   English  translation   of  the  report  the  expressJc 
moment  of  inertia  is  wrongiy  used  to  denote  this  coetficient. 

The  question  we  are  discussing  is  complicated.     We  must  consider  the  loads  str 
the  lengths  of  wheel-base.     If  you  speak  of  the  modulus  of  inertia,  in  other  « 
of  the  moment  of  inertia  divided  by  half  the  height  of  the  rail,  the  question  is  sin 
plified,  for  you  only  consider  the  resistance  of  the  rail. 

Hr.  Belelubaky,  Hussian  Slate  Itailways.  (tn  Freneh.i  —  I  agre«  in  thinking  tb« 
the  expression  moment  of  remtatice  is  not  accurate.     It  would  be  better  to  use  l^^ 
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phrase  modulus  of  viertia  and  to  put  the  words  inoment  of  resistance  in  brackets 
after  it.  I  further  think  that  it  would  be  convenient  to  fix  the  moment  of  resist- 
ance at  200,  which  is  the  basis  of  Mr.  Ast*s  calculations. 

Mr.  von  Leber.  (In  French.)  —  As  soon  as  ever  you  speak  of  load  per  axle  it 
becomes  necessary  to  consider  the  section  of  the  rail,  while  if  you  confine  yourseli 
to  giving  a  modulus  of  inertia  it  is  a  mere  question  of  geometry. 

The  President.  —  The  proposal  is  that  the  rails  shall  be  of  hard  steel  with  a 
moment  of  resistance  of  at  least  200. 

Mr.  W.  Hohenegger.  (In  French.)  —  The  expression  moment  of  inertia  implies  that 
the  section  of  the  rail  is  already  known  and  implies  accordingly  a  large  section. 
When  a  given  axle  load  has  to  be  carried,  a  rather  small  section  must  be  adopted 
and  the  sleepers  placed  closer  together. 

Mr.  Belelnbeky.  (In  French.)  —  The  table  inserted  at  page  130  (English  edition) 
of  Mr.  Ast's  report  shows  the  moment  of  resistance  corresponding  to  the  w^eight 
on  the  wheels.  The  table  gives  the  result  of  calculations  made  according  to  the 
weights  on  the  wheels  and  the  space  between  the  sleepers.  Once  we  Vw  the  space 
between  the  sleepers  we  obtain  immediately  the  moment  of  inertia. 

The  President.  —  I  would  call  your  attention  to  the  fact  that  Mr.  Ast's  fourth  con- 
clusion deals  with  the  spacing  of  the  sleepers. 

Mr.  Sabouret,  Paris  and  Orleans  Ry.  (In  French.)  —  Mr.  Hunt  mentioned  that  the 
English  Companies  are  accustomed  to  fix  their  rail  sections  not  by  abstract  calcu- 
lations but  by  experience. 

The  introduction  in  our  conclusions  of  questions  of  moment  of  inertia  looks  like 
a  criticism  of  the  English  system  which  has  given  good  results.  Would  it  not  be 
simpler  to  leave  out  this  limitation  to  which  certain  Companies  might  object. 

Mr.  Bell,  Indian  Government  Railways.  —  Does  the  moment  of  resistance  in 
question  refer  to  old  or  new  rails? 

The  President.  —  New  rails. 

Mr.  Briere.  (In  French.) —  I  suggest  that  all  reference  to  the  moment  o  inertia  be 
omitted. 

Mr.  Sabonret.  (In  Fren(*h.)  —  What  are  we  to  understand  by  the  words  **  steel, 
uniformly  hard  and  resisting  "? 

The  President.  —  It  means  a  homogeneous  substance. 

Mr.  Sabonret.  (In  French.)  —  It  might  have  a  different  meaning. 

Mr.  Briere.  (In  French.)  —  I  propose  to  say  a  *'  hard  and  homogeneous  substance". 

Mr.  Sabonret.  (In  French.)  —  This  is  contrary  to  the  English  practice. 

The  President.  —  The  English  members  will  give  their  opinion. 


Ux.  PetMhe.  {In   French.)  —  We  might  siiy  "  litinio^'cneous  rails  of  suitablt- 
hardness".  {Lavghter.) 

The  President.  —The  proposal  is  that  the  rails  shall  be  made  of  steel. 

Mr.  Briere.  (In  French.)  —  It  may  suit  a  Ctmpany  to  wear  out  the  rails  ratlii-r 
than  the  tires. 

We  cannot  ask  the  locomotive  and  carriage  departments  to  make  Iheir  tires  of  t 

soil  steel  so  as  not  to  injure  our  rails. 

Our  English  colleagues  who  arc  present  do  not  seem  to  regard  the  question  as  of  1 

importance  and  in  fact  it  can  only  be  decided  praclieally  by  each  Company  for  itself. 

Hr.  Bell.  —  I  would  suggest  to  the  section  that  it  should  decline  to  express  any  "4 

opinion  as  to  the  exact  degree  of  hardness  or  elasticity  in  the  material  of  Ihe  rail.  ■« 

and  confine  itself  for  the  present  to  the  decision  that  it  should  be  homogeneous.  -< 

{Hear!  Hear!} 

Mr.  Wercboviky.  (In  French.)  —  A  decision  lo  this  effect  would  not  be  in  accord-  — ■> 

ance  with  that  taken  at  previous  Congresses.     You  must  at  least  add  the  words  ■^J 

"  not  brittle".  {,\oise  andinteiTuplion.) 

Tbe  President. —  Is  the  section  in  favour  of  Mr.  Bell's  pro{>osition  ?  {Cries  of :  Yet,  -"^ 

Yes.) 

The  Preiideat.  —  The  next  question  is  :  Should  any  figure  be  given  for  the  inomeul  *  "^ 

of  resistance  ? 

Mr.  Bell.  —  II  was  less  my  wish  to  omit  all  reference  to  the  question  of  hardness,  -  ^ 

than  to  say  that  we  do  not  think  the  time  ripe  for  pronouncing  a  definite  opinion  f  >< 

on  the  point     This  is  a  little  different  from  merely  omitting  the  question  ofhardnesB  ^-s 

altogether  as  if  wo  had  not  considered  the  point. 

I  would  definitely  reserve  our  opinion  both  on  hardness  and  on  elasticity. 

Mr.  WaBintynaki,  Warsaw-Vieima  Ry.  (In  French.)  —  I  should  like  to  draw  attea-  —  *^ 

lion  lo  the  fact  that  in  previous  sessions  rails  of  hard  steel  have  been  recommended.  -  ' 

Now  apparently  the  opinion  is  that  soft  steel  is  equally  good.     It  seems  to  me  thai  •  *^ 

we  must  pronounce  categorically  and  define  what  we  mean  by  hard  and  soft  steel  '  '* 

respectively.     Apparently  tlie  supporters  of  soft  steel  arc  in  entire  agreement  with  •■-' 

the  supporters  of  hard  steel.  [Laughter.) 

The  President.  —  I  hardly  think  so. 

Mr.  Brnniel,  Belgian  State  Kailways.  (In  French.)  —  We  have  struck  out  one  bv         '"^  **' 
one  from  the  conclusions  those  which  were  proposed  lo  us  under  the  third  IieaA        ' 
by  Mr.  Ast,  as  we  could  not  agree  about  them.     There  is  now  nothing  left  but  tlwT 
single  sentence  "  the  metal  must  be  homogeneous  "  —  a  thing  so  obvious  ihal  it 
might  have  been  taken  for  granted.     We  cannot  leave  this  one  sentence  unP""  - — * 
go  on  to  specify  what  we  understand  by  it.     As  matters  now  sliiud  we  had 
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leave  this  out  also.  If  we  keep  it  in  I  am  afraid  that  it  would  not  give  the  public 
—  w^ell,  let  me  say  —  any  great  respect  for  us. 

I  move  therefore  to  leave  out  paragraph  3  altogether. 

Nor  can  I  agree  to  the  proposal  that  has  been  made  incidentally  that  wc  should 
formally  express  an  opinion  on  the  hardness  of  rail  metal.  This  is  a  very  compli- 
cated question.  Further  it  is  not  on  our  agenda  and  the  constitution  of  the  Con- 
gress forbids  the  discussion  of  matters  which  are  not  definitely  raised  on  the 
programme  of  the  session. 

There  is  no  question  more  important  and  more  contentious  than  that  of  the 
hardness  of  metal.  Innumerable  opinions  have  been  expressed  on  it.  Very  likely 
we  may  have  changed  our  own. 

If  the  question  were  on  the  programme  it  would  be  discussed  in  a  report  which 
might  run  to  great  length  and  give  rise  to  long  and  interesting  discussion.  1  do  not 
think  we  are  entitled  to  discuss  it  to-day,  the  more  so  because,  as  I  have  already  said, 
the  rules  of  the  Congress  positively  forbid  it. 

Mr.Werohovsky,  Russian  Ministry  of  Communications.  (In  French.)—  Ourdecisions 
must  not  be  mere  generalities,  and  they  cannot  disregard  our  previous  dealings  w  itli 
the  question.  The  subject  of  the  hardness  of  rails  was  discussed  at  a  previous 
session  and  conclusions  were  arrived  at.  They  are  therefore  public  property  and 
nothing  prevents  our  re-affirming  them.  To  my  mind  the  question  is  an  exceedingly 
important  one.  The  hardness  of  the  rail  is  one  element  that  .must  be  taken  into 
consideration  in  laying  down  the  conditions  of  a  model  road.  It  must  therefore  be 
defined  just  as  the  other  conditions  have  been.  If  we  confine  ourselves  to  mere 
generalities  I  repeat  our  decisions  will  be  valueless. 

Mr.  Briere.  (In  French.)  —  If  it  is  thought  advisable  to  rediscuss  this  point,  1  see 
no  objection,  but  I  confess  I  do  not  see  the  advantage. 

The  President.  —  It  would  imply  to  some  extent  re-opening  the  general  discussion. 
Now  this  has  been  closed.  I  accordingly  invite  you  to  vote  on  the  question  whether 
a  precise  figure  should  be  given  for  the  moment  of  resistance. 

The  question  was  put  to  the  vote  and  decided  in  the  negative. 

Mr.  Broneel.  (In  French.)  —  I  move  that  the  words  *'  the  rail  metal  must  be 
homogeneous  "  be  omitted. 

The  President.  —  The  section  has  decided  this  point  in  adopting  the  motion  of 
Mr.  Bell. 
Mr.  Ast's  4**^  conclusion  runs  as  follows  : — 

**  If  suspended  joints  are  used  the  sleepers  at  the  joints  should  not  be  more  than 
*'  19  *Vi6  inches  (oO  centimetres)  apart  and  the  distance  between  the  sleepers  should 
*'  nowhere  exceed  31  ^/^  inches  (80  centimetres). 

'*  The  result  of  such  spacing  would  be  that  not  only  would  there  be  the  necessary 
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Mneans  for  secure  faslenings,  but  jtrovision  would  also  be  iimde  Tor  the  strain  on 
"  the  rail  and  pressure  on  the  ballast  within  reasonable  limits. 

"  In  s(!<:tions  with  curves  of  small  radius  or  with  steep  gradients  where  tho  lou<l» 
"  per  ,ixio  amount  to  froni8lo9  tons  the  American  method  ofslill  further  increosint; 
"  ihe  number  of  sleepers  will  be  followi>d.  " 

Mr.  Briere.  {In  French.)  —  I  cunnot  anepl  ihis.  More  than  half  Iho  roads  on  the 
Continent  have  sleepers  31  '/j  inches  80  centimetres)  apart.  It  would  tbepefnri' 
ineau  thnt  all  these,  roads  must  be  reconstructed.     That  is  out  of  the  question. 

I  may  add  that  if  you  adopt  the  other  figure  proposed  by  Mr  Asl,  the  19  "/icin*'hcs 
(30  cenlimelres)  you  ai-e  condemning  all  the  chair-roads. 

1  repeal  more  than  half  the  lines  in  Europe  do  mit  conform  lo  the  condilions  thai 
have  been  laid  down. 

It  is  a  much  vexed  question  whether  the  right  way  to  strenglheu  Die  road  is  tu 
increase  the  nunilier  of  sleepers.  Many  engineers  object  strongly  to  strengthen  inn 
the  road  by  means  of  an  clement  as  perishable  as  wood  which  implies  therefore  an 
immense  expenditure  on  renewals.  Formerly  the  main  element  in  cost  of  renewalc 
was  the  rail.     Nowadays  it  is  the  sleeper.     Therefore  use  as  few  of  them  as  possible. 

My  view  is  that  sleepers  should  be  laid  sulticiently  far  apart  lo  avoid  furllier 
increase  in  cost  of  maintenance  and  renewal. 

1  am  clear  that  this  is  not  Ihe  direction  in  whii-h  incriMSi^d  slrenglh  is  to  be 
sought,  [Hear,  hear!) 


Fur  my  pari,  I  would  accept 
jraph  did  not  contain  (igurc^ 


Mr.  Fetsche,  Eastern  of  Fmnce  Ily.  (In  French.)  — 
unreservedly  Mr.  Ast's  conclusion  if  the  tirst  piu-af 
which  might  be  inconvenient  to  certain  Companies. 

1  think  therefore  the  figures  had  better  go  out. 

I  may  add  that  my  Company  is  in  no  way  opposed  to  increasing  Ihe  number  of 
sleepers.  Thanks  to  the  preservative  processes  ihat  we  adopt  our  sleepers  of  Oak  or 
be^ch  last  25  to  30  years  and  thetr  maintenance  costs  us  very  little. 

Ur.  VoorheBs,  American  Railway  Association.  —  IL  occurs  to  me  it  might  be  of 
interest  to  give  some  idea  with  regard  to  our  Irnck  between  Philadelphia  aud 
New-York.  \\v  arc  running  traint<,  at  a  speed  of  about  aS  miles  an  hour, 
conslanlly.  close  upon  a  mile  a  minute,  for  a  large  share  of  the  district,  and  M'cart' 
using  a  rail  of  00  li)sto  the  yard.  Uur  ties  arc  8  feet  7  inches  long,  U  inches  broad, 
and  7.  inches  deep.  Our  engines  carry  11  tons  on  eacb  driving  wheel,  and  we  bav<' 
found  it  necessary  to  put  at  least  Hi  ties  lo  a  rail  of  30  feet,  or  at  least  a  msxtniam 
of  2  feet  from  ci'ntre  to  centre,  in  order  to  maintain  our  track  suRiciently  stable 
1  may  say  the  road  is  entirely  of  stone  ballast.  We  have  at  least  18  inches,  uud  in 
many  cases  21  inches  beneath  the  base  of  the  rail. 

Mr.  WerchoTsky.   In  French.)  —  Let  mo  remind  you  that  the  dislanca  bolweun    ' 
the  sleepers  depends  on  many  considerations  of  which  the  principal  are  the  rail  — ' 
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lion  aiKi  the  load  on  the  wheels.  This  queetion  cannot  be  considerod  by 
it&«?ir.  You  must  specify  the  circumslances  to  which  the  spacing,  suggested  by  the 
re-j»<jrter,  applies. 

^The  President.  —  That  puint  was  discussed  yesterday. 

3iSr.  Sabomet.  In  Freni'li.)  —  I  move  that  the  figures  19  "/lo  inches  1 30  centimetres), 
urkcA  31  '/j  inches  1 80  cenlimelrcsj  be  omitted,  for  tliey  can  only  apply  to  a  Vignoles 
ros&cJ.  The  distances  suggested  would  not  do  for  a  chair-road.  It  would  be  much 
Kpler  to  say  "  one  of  the  methods  ordinarily  applied  to  strengthen  the  road  for 
ex  ^>rcss  trains  is  lo  space  the  sleepers  closer  together,  especially  at  the  joints.  " 

SOr.  Batcbmanoff.  Russian  Stale  Railways,  fin  French.)  —  (Icnllenien.  permit  me 
to  ^ay  a  few  words  on  strengthening  roads  by  means  of  sleepers.  In  Russia,  we 
ndopl  this  method  by  preference  because  wood  is  cheap  and  rails  are  dear.  We 
t-h^iefore  prefer  to  increase  the  number  of  sleepers  rather  than  replace  Ihe  rail. 

I  m  France,  the  position  is  quite  dittei  ent.  There,  as  in  many  other  countries,  it  is 
''■^"i cJenlly  considered  preferable  to  get  extra  strength  from  the  rail.  For  this  reason. 
'   ^  ^^ee  that  it  is  better  not  lo  specify  the  distance  between  the  sleepers. 

Sb.  Tonrtsevitz.  Russian  State  Railways,  'In  French.)  —  On  the  Nicholas  line  of 
*^»^  Russian  State  Railways,  we  have  calculated  that  the  increase  of  the  number  of 
sl^s^pers  per  mile  from  2,074  lo  2,5G4  (from  1,289  to  1,594  per  kilometre)  keeping 
^  **^il  of  65  lbs  i39  '/,  kilograms)  is,  so  far  as  the  rigidity  of  the  road  is  concerned 
"~ —  that  is  lo  say,  the  resistance  of  the  vails  at  the  supporting  points  to  vertical 
'**~^ssure,  —  equivalent  to  increasing  the  weight  of  the  rail  lo  94'08  lbs  (■t6'67  kilo- 
s'^ ^  nisi  without  increasing  the  number  of  sleepers.  This  method  is  an  economical 
•^"^^  anil  allows  of  the  road  being  very  quickly  strengthened. 

T?hB  PreBideat.  —  Mr.  Sabouret  has  just  handed  in  his  proposal.  It  is  as 
'■'^llows:- 

'  Closer  spacing  of  the  sleepers,  especially  at  the  joints,  is  one  of  the  methods 
^^^■clinarily  adopted  to  strengthen  the  road. ' ' 

Fon  Leler.   In  French.)  —  We  cannot  discuss  a  truism.     It  is  surely  not 
«sary  lo  vote  on  this. 
3lCr.  Werohovsky.  (In  French.)  —  I  think   that  the  number  of  sleepers  is  the 
^*<i»nent  of  the  permanent  way  which  it  is  easiest  to  fix.     For  obvious  reasons  there 
limit  to  Ihe  possible  closeness  of  spacing.     In  my  opinion,  the  Congress  should 
a  minimum  distance. 


^^<lini 


H 

^Ir.  Ast,  reporter.  (In  French.)  —  We  are  all  unanimous  in  slating  that  closer 
^r*=»cin(;  is  one  of  Ihe  methods  employed  to  strengthen  the  road- 

Thc  opposition  arises  only  when  it  is  proposed  to  fix  the  distances  at  which  the 
'^'ervpers  should  be  spaced. 


It  IB  argued  that  the  majorily  of  European  roads  wouhl  have  to  be  altered  as  their 
sleepers  are  now  more  than  31  '/i  inches  (80  eeiitimelrcs)  apart.  Other  members 
object  lo  laying  down  u  figure  as  they  consider  that  the  increase  proposed  in  the 
luiniber  of  sleepers  would  be  very  costly. 

(  confess  that  in  formulating  my  conclusion  I  did  not  look  at  the  matter  from 
Ihese  points  of  view  nor  could  I  properly  dn  so.  In  my  judgement,  31  '/t  inches 
(80  centimetres)  is  the  maximum  spacing  for  a  first  class  road. 

The  English  Companies  have  been  compelled  to  reduce  this  still  further  by  reason 
of  their  very  heavy  traSic. 

We  must  remember  that  the  principal  function  of  the  sleeper  is  not  lo  strengthen 
the  rail,  but  to  spread  the  weight  over  the  ballast,  to  increase  the  number  of  rail 
fastenings  and  to  increase  the  resistance  lo  the  rolling  load. 

I  cannot  therefore  withdraw  my  proposal  to  fls  a  maximum  of  31  '/*  inches 
(80  centimetres),  centre  lo  centre,  for  the  spacing  of  the  sleepers. 

Mr.WeTchoTsky.  (In  French.) — Experience  shows  that  sleepers  must  not  belaid  too 
close  together.     We  must  be  very  careful  therefore  in  fixing  the  limits  of  spacing. 

If  I  have  correctly  understood  the  reporter  he  thinks  that  at  the  joints  the  maxi- 
nmni  distance  of  the  sleepers  should  be  19  ",'1^  inches  (30  centimetres). 

Mr.  Ast.  (In  French.) —  Yes. 

Mr.  Werchovaky.  (In  French.)  —  Does  this  mean,  in  the  clear? 

Mr.  Ast.  i  In  French.)  —  No ;  centre  to  centre. 

Mr,  Werchovsky.  (In  French.) —  In  that  case,  we  might  discuss  this  liguri;. 

Mr.  Toncey.  New  York  Central  and  Hudson  Biver  Railroad.  —  It  seems  lo  mc  this 
n^solves  itself  right  down  into  a  practical  question,  whether  we  shall  haveaatill'riiil, 
one  that  would  carry  our  trains  without  deflection,  whether  we  shall  put  sulticicDt 
stifl'iiess  in  to  avoid  this  deflection,  or  whether  we  shall  still  go  on,  as  we  have  been 
going  on.  There  are  lines  of  course  whose  Iradic  does  not  require  as  heavy  and 
stiff  a  rail  as  ours.  There  arc  others  thai  do;  as  their  traffic  increases  they  have  lo 
increase  the  stifl'ness  of  their  rail  and  [he  permanency  of  their  roadway.  On  our 
line,  as  1  told  you  yesterday,  we  are  running  at  a  high  rate  of  speed.  We  increased 
our  rail  up  to  100  lbs,  and  the  moment  ofinertia  was  increased  from  28  to  about  48. 
The  result  was  that  we  do  not  get  as  much  detleclion  as  we  did  before,  and  our 
sleepers  are  lasting  from  iH  to  20  p.  c.  longer  than  they  did  with  light  rails,  because 
they  are  not  cut  out  by  this  continual  deflection  of  the  rails,  and  we  maiutaio  the 
speed  of  the  trains  continuously.  There  arc  lines  of  course  that  cannot  alTord  lliis 
until  their  traffic  warrants  it,  and  it  would  be  injudicious  to  vote  upon  a  ((uesiion  of 
that  kind,  making  it  obligatory  for  any  poor  line  to  adopt  that  plan.  If  our  Com- 
pany had  been  in  a  position  financially,  when  we  started  some  40  years  ago,  we  could 
have  put  down  a  100  lb  rail  with  ties  22  inches  from  centre  to  centre,  and  if  wccoufd 


"  iixatioa. ' 

—  This  conclusion  was  put  to  the  vole  and  adopted. 

The  President.  —  It  now  remains,  genllemen,  lo  deal  witli  the  conclusions  of 
Mr.  liuiil,  llie  reporter  for  Eoglish  spe:iking  countries. 

Tliey  are  as  follows  : — 

"  1-'  The  type  of  permanent  way  almost  universally  adopted  by  the  English  rail- 
"  way  Companies  is  that  of  a  bull-headed  rail  laid  in  chairs,  which  are  fixed  lo  the 
"  sleepers  by  spikes,  or  screws,  or  some  analogous  fastening. 

•'  2'-''  Thai,  us  far  as  the  further  strengthfning  of  the  permanent  way  is  concerned, 
of  the  increased  speed  of  trains,  the  English  Companies  do  not  consider 
"  for  the  present  that  any  further  strengthening  is  necessary  beyond  that  already  in 
"  vogue.  " 

—  These  conclusions  were  put  to  the  vole  and  adopted. 

The  President.  —  Sir.  Belelubsky  has  just  handed  in  a  resolution  to  the  fnllmvinH 
effect  :— 

"  Having  regard  lo  the  fresh  investigations  in  different  countries  and  the  practical  ^ 
"  experience  that  has  accumulated  since  the  Milan  Congress,  the  question  of  tbe^ 
"  hardness  of  rails   might   with  advantage  be  placed   on   the   agenilu    for  nei*,.^^ 
"  Congress.  " 

Mr.  Sabonret.  (In  [■'reiiih.)  —  The  question  is  impliciliydt'ait  with  in  the  technic^^^ 
infornialinn  contained  in  Korm  A  appended  to  the  documents  of  the  present  sessin^^^^ 

The  President.  —  Mr.  Belelubsky  asks  Ihal  the  question  shall  be  made  the  subje 
of  a  repoit.  tlien  we  can  discuss, 

Kr.  Belelnbsky.  (In  French.)  — The  technical  information  collected  by  Ihe  Kussfi 
commission,  presided  over  by  Mr.  Werchovsky,  on  the  quality  of  steel  rails,  ^ 
also  the  practical  experience  of  Ihe  Russian  lines  show  the  necessity  of  adoptin ;_ 
harder  metal.     The  researches  of  experts  in  ^'^^nt^e  and  other  countries  also  alfVird 
a  great  deal  of  material  for  the  discussion  of  this  important  question,     I  then'fVtpe 
ask  Ihe  section  toltc  good  enough  to  propose  its  inclusion  in  the  programme      Hir 
our  next  meeting. 

—  Till-  proposal  of  Mr.  Belelubsky  was  put  to  llie  vole  and  adopted. 


OI8CUS8I0^f  AT  THE  GENERAL  MEETING 


July  4.  1895  (afternoon). 


Lord  STALBIIIIKiE,  Tiit:  Piiksiliknt.  in  hie  chaik. 

^"^  Presidsnt.  —  I  call  upon  Mr.  Dcbray,  principtil  sccretarj'  of  the  1"  Seclion, 
^^_  •■*^s»(l  the  Section's  report  in  French.  Mr.  Leslie  Robinson,  secretary-reporter, 
^'***    s*  llunvarcis  read  it  in  Enfilish. 


^•*»"-  Debray.  — 


Mr.  Leslie  Eobinson.  - 


Report  of  the  1"  Section. 


C>iie  quesiioii  a  fait.  I'nlijet  do  deux  nip- 
P*'"*s»  pi'&euUJs,  I'un,  poui' leu  pajs  de  langTie 
""Blaise,  par  Mr.  W.  Hunt,  le  second,  pour 
pay*  do  lauinie  non  anglajse,  par  Mr,  Ast, 
' "  n  coiivient  de  signaler  iminediateiinint 
°^^«  siir  la  continent  cucopeen,  on  considii'c 
1^*  de»  trains  marcbaut  k  SO  kilomurrcs 
l^'J  tnillcsi  &  I'heure  sont  dee  trains  de  grande 
fitfisse  et  qu'on  ne  46paBsa  guere  pour  ie  mo- 
"*»nt  la  ritesse  de  120  kilometres  (75  milles) 

**   Ea  Angleteire,  en  AmSrique,  on  parte  de 
''^wia  circulant  &  la  vitessi;  de  IfiO  kitomfiti^a 

*  '  ««MPe  (100  millea)  et  memo  un  peu  plus,  ce 
V^  tarait  33  p.  c.  de  plus  que  le  maiimum 
"^*WalJoiiient  imt6  sur  le  coutiuent  europoen, 

'*   Idr.W,  Hunt  a  donn^,  dans  son  rapport, 

*  "^^cription  dee  voies  anglaises.  it'landaises, 
^^•*Si-ip»ines,  iadienne^s,  africaines.  nustra- 
"^nti^g.  tail6es  pour  dea  vitesaea  supfirieures 
^  ^O  millw  (64  kilora^tres)  d.  l"hfui-e.  En 
^*'*^*^fjue,  la  »oie  est  du  Ijpe  Vlgnoles;  en 
*^Kleterre,  elle  est  3a  type  t  double  clinm- 
(••Biion  dissymetrique. 


"  This  queslion  was  the  subject  of  two 
reports,  one  presented  by  Mr.  Hunt,  for 
English  speaking  countries;  and  the  other  by 
Mr.  Ast.  tor  ntin-Eiiglish  speaking  countries. 

■■  It  should  be  staled,  to  begin  with,  that 
on  tlie  L'ontincnt  tmint,  witb  a  running  speed 
i.f  50  miles  [SO  kilomcti-es)  an  hour  are  consi- 
dered eipress  trains,  and  that  for  the  present, 
the  tnaxitnum  speed  seldom  cxc(<eds  75  miles 
[120  kilometres)  an  hour. 


"  In  England  and  in  America,  i 
s]>eeds  o(  too  miles  (160  kilometres}  per  hour 
nre  beard  of,  and  even  slightlj  greater  speeds, 
that  is,  33  p.  c.  higher  than  those  actually 
atlained  on  the  Continent. 

■■  Mr.  Hunt  gave  in  his  report  a  descrip- 
tion of  the  English,  Irish,  Ameiicaii,  Indian. 
.African  and  Australian  roads  where  inclusive 
speeds  abovt!  40  miles  '64  kilometres)  per  hour 
are  met  with.  In  America  the  Vignoles  type 
r)f  rail  is  used,  and  in  En^iland  rhc  bull-htmded 


■'Ilrteultedesd&.-laratiousdcMr.W.Huiit. 
et  de  divi'rs  ingtniciira  ^cs  pays  eiies  ci-dessus, 
et  la  1"  seclion  et  le  Con^i-es  lout  anticr  ont 
pu  consJator  par  cip^riciice  nuc  k-s  toios  aii- 
glaiscs  fo  pt*tent  tort  bi''n  ft  lu  ciiTiiluion  do 
tmins  rspldes. 

"  La  ["sectjoiia  doiicpm-otcraruiiiuiimitS 
les  conclufiions  prescntfes  par  Mr.  W  Hunt, 

"  D'&prte  Mr.  W.Hunt,  si  Ton  voulait  obte- 
nir  one  vitesse  sup^eure  k  160  kilometres  ft 
llieure  (100  milles),  Ics  ing^nieurs  de  la  voie 
ajant  donn^  tout  ce  qu'ils  pouvaicnt,  ce  semit 
aux  ing^nieun  de  la  traction  de  chercher  ft 
r^soadre  le  prablttme  d'augroeuter  la  puis- 
sance des  locomotiTes  sans  augmentci'  tes 
attaques  sur  la  vole. 

"  Dans  Ic8  pajs  de  langue  non  anglnif  e,sp^ 
cialentent  sur  le  continent  curopteii,  oil  Ton 
se  tient  ft  des  vitt«fes  Inf^rieures  k  celles  dc 
rAngleterra  et  de  I'Am^que,  les  ing^nicurs 
de  la  voie  n'oDt  sans  doule  pas  encore  doaa^ 
tout  ce  qu'ils  poumient  donner  le  cas 
^bteot,  mais  quelque^-uns  penscnt  que  Ics 
ing^nieurs  de  la  trat'tioit  du  continent  euro- 
p6en  out  pariois  dcmande  Irop  a  la  voie,  qu'il 
(aut  s'adi-esscr  a  la  tois  ft  la  traction  comme  i 
b  voic  pour  augnicnicr  la  vitesse  dos  trains 
dans  dcs  conditions  convciiables  de  sccuriie  ft 
J'^cunomie.  en  consid^i'ant  I'eusenible  dc  la 
voie  ot  du  materiel  roulanl. 

■"1^  l^soction  aeiprime  1' avis  que  losdcni 
stTviits  de  la  voie  ot  de  la  iracliou  doiveiit 
li'ujouiv  chercher  ft  s'eiitondrc  en  vue  de  don- 
ner  aui  eiigenct's  du  public,  notamnient  au 
|K>iiit  ite  vue  dc  raii^uiciitalion  de  la  viiesse 
dcs  trains,  tinites  les  salisfnctioiis  possibles. 
Lo  Conpnis  appuie[-a  cortainenient  cc  vi¥ii  de 
In  \"  MVtion.  fait  dans  un  esprit  dc  boane 
liarmonie. 

"  .\prtsBviiirdecriI  les  s vstenics  de  renfor- 
ivnient  tic  la  vnic  cinplovcs  dans  les  pavs  dc 
langue  non  anglais*'  p(>ur  arrivcr  ft  aug- 
nicnicr la  Vitesse  dc*  ti-aiii£,  apiiis  avi'ii-  ooii. 
state  que  Ton  avait  rvalise  sur  Ics  divcrses 


"  It  follows  from  tlie  tl 
Mr.  Hunt  and  the  different  mgine 
above  named  countries,  that  the  Ee 
manent  wa;  is  eminently  suitable  t 
trattc,  and  this  the  1**  Section  and 
Congress  have  been  able  to  see 

'*  The  1**  Section  was  therefot 
approve  unanimous];,  asexpressiag 
^ta,  the  conclusions  arrived  at  bj ; 

"  According  to  Mr.  Hunt,  it 
speed  than  100  miles  (160  kilom 
hour  is  required,  the  pennanent  ' 
neers  having  done  all  they  can,  tli 
tive  EUpcrin  ten  dents  must  turn  theii 
to  increasing  the  power  of  the  k 
without  increasing  the  strains  on 
manent  way. 

"  Id  non-English  speaking  coui 
especially  on  the  Continent  of  Euro: 
the  speeds  are  inferior  to  those  e. 
EInglaud  and  America,  the  pcnna 
engineers  have,  no  doubt,  not  yet 
the;  might,  but  some  of  Ihem  think 
tinenial  locomotive  superinlendent 
much  of  the  permanent  way;  that 
nioliic  and  pennanent  way  departm 
be  i-egarded  as  one  whole,  and  re 
accept  joint  responsibility  tor  (he  i: 
the  speeil  o£  trains  under  coiidilions 
both  safely  and  c 


■■  The  1"  Section  iaotopiniun  tha 
motive  and  permanent  way  departnw 
always  lo  co-iipoi-ale  lo  meet  Ihe 
ments  of  ilio  public,  especially  with 
incfvasirip  the  s|ieed  of  trains.  The 
will  certainly  endoivo  the  opinir 
I"  S.vlit.n.  whiih  was  put  forwnrd 

•■  After  having  described  Ihe  syi 
ploy.'d  ill  n«ii-Knglisb  speaking  cou 

siri'iipthouing  tlie  p-'rmaneut  way 
the  speed  of  trains  to  be  increased, 
stating  thai,  on  \-arious  express  I 
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h  trains  rapides  les  conditions  n6- 
pour  assurer,  dans  les  limites  dc 

cidessus  indlqu^es,  la  circulation  de 

rapides  bien  composes,  bien  conduits, 
-  "^.  Ast  avait  6tabli  un  programme  com- 
^    <l'un  module  dc  voie  k  adopter  pour  les 

parcourues  par  des  trains  a  grande 


1 


Le  rapporteur  avait  eu  soin  d'ailleurs  de 
obsen'er  que  la  voie  module  d^finie  par 
^'-■^i     ^tait  d6ji  r6alisee  sur  plusieurs  lignes, 
^^^^fcjoiment  en  Angleterre;  commc  Mr.  W. 
Mr.  W.  Ast  estimait  que,  sauf  en 
^ins  cas  sp^ciaux,  on  ne  pourrait  aller 
loin,  que  la  resistance  de  cette  voie  mo- 
se  rapprochc  de  la  limite  qu'on  pent  pra- 
^■^^^-^^^ment  r^aliser,  et  il  invitait  6galement 
ng^nieurs  de  la  traction  k  chercher  a 
S'saienter  la  capacity  des  locomotives  sans 
S'Oienter  les  attaques  sur  la  voie. 
*  *    Le  programme  pr6sent6  par  Mr  W.  Ast 
^pas  6t6  entifirement  adopts  par  la  1~  sec- 
^  la  majority  des  membres  qui  ont  pris 
k  la  discussion  a  6te  d'avis  qu*il  n*6tait 
][x>ssible  de  faire  abstraction  complete  de 
m  existe  aujourd'hui  sur  Ic  continent  ct 
er  un  type  id6al  unique,  non  imm^dia- 
applicable. 


I  > 


necessary  conditions  for  running  wcll-ordercd 
express  trains  within  the  limits  of  speed  above 
noted,  had  been  complied  with,  Mr.  Ast  laid 
down  a  complete  programme  of  an  ideal  type 
of  permanent  way  for  lines  over  which  express 
trains  ti^avel. 


**  The  reporter  observed  that  the  ideal  per- 
manent way,  as  defined  by  him,  had  already 
been  realised  by  many  lines,  and  especially  in 
England.  Like  Mr.  Hunt,  Mr.  Ast  thought 
that,  except  in  some  particular  instances,  it 
was  impossible  to  go  further,  that  the  best 
existing  type  of  permanent  way  is  as  strong 
as  it  can  posaibly  be  in  practice,  and  he  invited 
the  locomotive  superintendents  to  try  and 
increase  the  power  of  their  locomotives  with- 
out increasing  the  strains  on  the  permanent 
way. 

**  The  programme  presented  by  Mr.  Ast 
was  not  adopted  in  its  entirety  by  the  Section. 
The  majority  of  the  members  who  took  part 
in  the  discussion  were  of  opinion  that  it  was 
not  possible  to  leave  entirely  out  of  the  ques- 
tion what  actuallv  existed  on  the  Continent, 
and  to  lay  down  a  single  ideal  ty\)o  not  capa- 
ble of  immediate  adoption. ' ' 


CONCLUSIONS 


Pour  V Angleterre : 


'^  "*  1**  Le  type  de  voie  presque  universelle- 
^^^ent  adopts  par  les  compagnies  de  chemins 
^^fB  fer  du  Royaume-Uni  se  compose  do 
^^^Is  d'acier  4  double  champignon  dissym6- 
[ue,  logte  dans  des  coussinets  fix6s  sur 
Les  traverses  au  moy^n  de  tirefonds  ou  de 
^^lievillcs  ou  de  syst^mes  analogues; 
"*  •  2**  En  ce  qui  regarde  le  renforcement 
Le  la  voie  en  vue  de  I'augmentation  de  la 
itesse  des  trains,  aucune  compagnie  an- 
pour  le  moment,  ne  considSre 
"^^omme  n6cessaire  un  plus  grand  renforce- 
^^^oent  de  ses  voies  que  celui  qui  est  actuel- 
^^ment  rdalis6. 


' '  For  England  : 

**!•*'  The  type  of  permanent  way  almost 
'  *  universally  adopted  by  the  English  railway 

•  *  Companies  is  that  of  a  bull-headed  rail  laid 
•*  in  chairs,  which  arc  fixed  to  the  sleepers 
**  by  spikes,  or  screws,  or  some  analogous 
*'  fastening; 

*'  2nd  Tj^at  as  far  as  the  further  strcng- 

*  *  thening  of  the  permanent  way  is  concerned, 
'  •  in  view  of  the  increased  speed  of  trains,  the 
'  *  English  Companies  do  not  consider  for  the 
*'  present  that  any  further  strengthening  is 
•'  necessary  beyond  that  already  in  vogue. 


'■  Pour  let  iiay$  de  lattgue  neat  anglaUe  : 

••  l"  On  tt  appmuve  a  runanimite  rette 
conclusiuQ  de  Mr.  Ast  que  la  plate-forme 
lies  voies  parcourues  par  des  trains  de 
gjande  vit^sse  devait  Stre  parfaitcment 
liltiblie,  absoiumetit  assatiiie; 
■■  2"  0[]  atgalement  reeonnu  iLrunaniniite 
qu'i]  (alkit  employer  sur  de  telles  ligncs 
du  ballast  bien  permeable.  Aprte  discus- 
sion, oa  a  reduit  de  40  k  20  centimetres, 
compttis  au-dessouB  de  la  traverse,  I'epais- 
sciir  miiiimuni  du  ballast  (on  a  peiis^  que 
pour  le  moment  il  soilUait  <te  coosfd^rer 
des  voies  sur  traverses  en  bois); 

"  3°  On  a  €$tiin6  que  les  traverses  en  bois 
i  einploj'er  sur  des  voies  parcourues  par 
des  trains  de  grande  vitesse  devaient  avoir 
une  longueur  minimum  de  S^SO  et  unc 
largeur  minimum  d'assise  de  S4  centi- 
metres, se  t«nant  ainsi  uu  peu  au-dessous 
des  cbiffi-es  proposes  par  le  rapporteur  et 
qui  Maient  de  2"70  et  S6  centimetres;  de 
plus,  le  profil  de  la  traverse  doit  permettre 
une  bonne  fixation  des  rails. 
"  Mr.  W.  Ast  avait  eiprimS  I'avis  qu'il 
serait  trus  desirable  que  Ton  adoptat  des 
traverses  d'un  tjpe  uiiitormc,  dos  traverses 
equarries  t-omme    on    le   fait   en  Anglc- 

'■  La  majority  des  membres  de  I'assemblee 
a  penafi  qu'avuc  les  bois  employ^  sur  lo 
condnent  europ^en,  ccttc  disposition  n'etait 
pas  admissible,  qu'cllc  serait  beaucoup  trop 
on^reusc ; 

••4"  En  ce  qui  concerne  les  rails,  on  a 
i'0nslat6  que,  sous  reserve  de  la  disposition 
>lcs  auti'cs  elements  de  la  voie  et  de  hi 
<  onslitiition  du  materiel  raulant,  11  v  a  unc 
Tendance  g^iiSralc,  soit  pour  amSliorer  des 
;i  present  la  stabililt'  des  voies,  soit  pour 
jiarer  au  dfiveloppoment  ultSrieui"  dc 
I'eiploitatiun,  a  augmcnter  le  poids  des 
rails  Eiir  les  ligiies  parcourues  par  dos 
trains  d'uiie  vKesse  de  plus  de  80  kilo- 


"  For  non-EngliMh  iptdking  e 

"  ]■'  Mr.  Ast's  conclusion,  that 
' '  manent  waj  over  which  eipresa  ti 
"  ihould  be  well  consolidated  and 
"  drained,  vas  unanimuuslj  agreed 


"  2^  It  was  unauimouslj  agreei 
flrst-clasB  lines  good  permeabi' 
must  be  used.  After  discusuoa, 
mum  depth  of  ballast  was  redu 
15  *U  to  "^  V»  irxbes  (40  to  SO  cen 
counting:  from  the  bottom  side  of 
per.  (It  was  flot  thought  necei 
the  present,  to  deal  with  other  tha 
sleepers) ; 

"3'^  It  was  decided  Chat  for  exp 
the  minimum  length  of  sleeper  : 
8  feet  2  inches  (2°'50),  minimum 
bearing  on  the  ballast,  0  Vi  inche 
timeires)  that  is,  slightlj  under  tl 
proposed  b;  the  reporter,  which  w 
10  inches  (2^70)  and  10  Vt  inches 
metres)  respectively;  and  further 
section  of  the  sleeper  must  permit 
Fastening  of  the  rails; 
"  Mr.  Ast  expressed  the  opinio 
would  be  desirable  to  adopt  a  uni 
at  squared  sleejter  as  in  I'^ngtnnd. 

"  The  majority  of  the  n-.eeting 
"  that,  eonsidering  the  wood  used  oi 
'■  tincnt,  this  restriction  was  inadm 
'■  being  loo  burdensome; 

"  4'''  .As  far  as  the  i-ails  are  com 
"  was  agreed  that,  taking  into  cons 
"  tile  other  elements  of  the  perniai 
"  and  the  rolling  stock,  there  is  i 
■■  tendenev  (whether  with  a  view  It 
"  ing  the  rigidity  of  the  track  or  fi 
"  with  a  future  increase  in  the  1( 
'■  increase  the  weight  of  rails  ovi 
"  eipi"CES  trains  run  at  a  speed 
'■  30  miles  (80  kilometres)  per  hou 


■  40  k-ilognuHines  ffou  iJus]]  ('). 

"  Quelqucs  mcmbres  auraieiit  dfeir^  qu'on 

■  pr6i,*isat  davantagc,  eoasidgrant,  en  yoncor- 
-  dance  Bvec  le  rapporteur,  qu'on  pent  «o 
'■  cootouUrd'un  rail  do  35  kilogranuiies  par 
'■  m£lT«  courant  si  la  vitesse  iie  dSpasse  piis 
■■  90  kilometres  par  heilrc  et  si  le  pnids  d'nii 

■  ■  anijeu  ne  dcpassc  pus  1 4  toimcE. 

**  D'aulrc  port,  on  aurait  constat^  ce  fait 
"'que,  dans  ces  condtiions,  on  pourrait 
'■  VMrober  Eaiia  dan^rer  meme  avcc  des  ralU 
"  de  30  kilogrammes  par  m^tre  couruiit  en 
"  avouant  bji  rn^mo  temps  qu'iine  trlle  voic 
**  ne  scrail  pas  6conoinique  au  point  de  vuc 
"  de  I'enlrction. 

"  La  l"  section  a  ponsS  qu'cHe  m.'  piiuvait 
'*  tr&ltcr  incidctnment  une  question  aussi 
"  iinparbuitc  que  cclle  de  la  ruin]Kisitinn  dc 
*■  I'acSer  a  emplojer  po\ir  la  confention  des 
"  nils,  atier  doui  on  acicr  dur,  c*llc  ques- 
"  tion  int^reasaitt  d'aillcurs  ^gnlement  les 
"wrvicM  de  la  traction,  car  il  sa^t,  eii  fln 
*'  oa  c<iaijite,  de  saToir  a'il  vaul  miens  user 
"  ™  rails  que  los  bandages  ou  inversemeat. 
Stir  la  proposition  dc  Messrs.  Wer- 
'''***^skj  (Gouvcrnement  russe)  et  Bele- 
■■l«t*B^  (di.  de  t.  de  I'Etat  russe),  on  a 
"  **l>rim6  le  v<bu  suivant : 

-to  question  da  la  durel^  des  raits  en  cite 
'^  tumrclleg  recha-chi'i  daiis  tons  Its  jiai/s 
**  tttt  risnllats  p-aliqHCS  obtenus  depttis  la 
■^•aftiii  de  itiiun  poiimtiit  ftre  vtiCetnenl 
Pf>*i^  a  rordre  dujour  de  la  stmWnne  sei- 
"  **<*n; 

^_    '  5"  La  ijuestioii  do  I'^caiTonient  dos  tra- 

*^TBes  cl  *p6cialement  des   tiuveTEes  di.' 

^^  JoiaU   a   fait   I'objet   d'uiie   ussuz   longue 

,_  **»»cUMi(iii.  Ne  TOulaiil  pas  prendre  parti 

•^lilre  la  voie  k  double  coussijiet  et  la  voie 


■  raisi?  this  weight  t",  in  round  ti(tiiivs,  80 lbs 
"  per  yard   (40   kilograms  per   meli'e)   [[oi- 

■  upwards]]  ('). 

■■  Some  raerabera  considered  that  the  weiglii 
"  ol  rails  should  be  nioiii  strii'tlv  defined,  and 
'■  in  iTonjuiLCtion  witi  ihe  reporter,  ihoughl 
"  that  the  weight  of  ml  rioed  not  be  mon- 
■■  than  71)  lbs  per  yard  (33  kilograms  per' 

■  ■  metre)  if  llie  spupd  docs  not  cxpet-d  56  miles 
■■  [90  kilomelrcs)  per  hour,  and  if  the  weight 
"  on  the  axle  does  not  exceed  14  tons. 

"  Further,  the  fact  was  noted  that  traiti'- 
' '  coQld  be  carried  on  under  ttiiiso  I'onditiuni^ 
-'  without  danger  even  on  rails  weighini; 
■■  only  00  lbs  per  yard  (30  kilogmms  pc;i- 
•  •  metre),  but  that  the  maintenance  ot  such  n 
■■  linn  would  be  expensive. 

'■  The  !"  Section  was  of  opinion  that  they 
*■  rould  not  incidentally  discuss  a  question  of 
■-  such  importance  as  the  Cfunpcisition  of  thi' 
'■  steel  employed  in  the  manufacture  of  railB. 
■■whether  soft  or  hard,  as  this  question 
■■  <>qually  affects  tbo  locomotive  department, 
'■  for  after  all  the  question  is  whether  it  is 
■■  preferable  to  allow  the  wear  to  take  pla**' 
"  on  the  tiros  or  on  the  rails. 

"  On  the  motion  of  Messrs.  Werchovakj 

■  ■  iRuKian  Government  I  and  Belelubskj  (Rus- 
■■  sian  Stale  Railways)  the  following  ret^- 
••  lution  was  passed  ; — 

■■  3'Ae  quaitioii  of  the  kardi%ct»  of  niiU, 
■•  ill  vieic  of  the  recent  reacarchen  that  have 
■'  taken  place  in  all  cotutfi-ien,  and  tlie  eape- 
•■  rieiice  obtained  siivx  the  teMioii  at  liilait, 
■■  uiight  icith  adtantage  btput  down  fur  di*- 
■■  fiasion  at  thetimth  Congress; 

•■  5"'  The  question  of  the  spacing  ot  the 
■■  sleepers,  and  especially  those  at  the  I'ail- 
'■  joints,  gave  rise  to  a  long  discussion.  Kot 
'■  wishing  to  decide  between  the  double- 
■■  headed  and  Vignoles  section  which  stand 
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Vignoles  qui,  au  point  de  vue  de  F^carte- 
ment  k  donner  aux  traverses,  sp^cialement 
aux  traverses  de  joints,  pr^sentent  des 
conditions  diff^rentes,  on  a  adopts  la  for- 
mule  g^n^rale  suivante : 

'*  Le  rapprochement  des  traverses  et 
notamment  des  traverses  de  joints  est  un 
des  moyens  ordinairement  employes  pour  le 
renforccment  de  la  voie. 
**  Divers  membres  ont  fait  observer  d'ail- 
leurs  que,  suivant  les  rcssources  locales, 
il  pouvait  fttrc  plus  6conomique  de  cher- 
cher  k  renforcer  la  voie  par  I'augmentation 
du  poids  du  rail  que  par  le  rapprochement 
des  traverses ;  il  n'y  a  done  rien  d'absolu ; 

"  G**  A  6t6  vot6e  la  proposition  suivante 
pr6sent6c  par  le  rapporteur  : 

*  *  Dans  la  fixation  des  rails  sur  les  traverses, 
il  faut  consid^rcr  les  deux  syst^mes  abso- 
lument  differents  de  la  voie  k  double  cham- 
pignon ct  de  la  voie  Vignoles. 
**  Avec  Taugmcntation  de  la  vitesse  des 
trains,  Tattaque  au  moyen  de  fixation 
augmente  dans  une  forte  proportion ;  il  faut 
done  attacher  une  attention  sp6ciale  k  ces 
moyens  do  fixation  sur  les  voies  de  grands 
express. 

**  Le  meilleur  mode  d'attache  est  la  fixation 
des  rails  dans  un  coussinet  robuste. 
'*  II  est  logique  de  developper  la  fixation 
des  rails  Vignoles  dans  un  sens  qui  la  rap- 
procherait  de  la  fixation  par  coussinet,  soit 
par  remploi  de  plaques  de  serrage,  soit  par 
Taugmontation  du  nombre  des  tirefonds; 

*'  7°  A  6t6  6galemenb  adoptee,  la  conclu- 
sion suivante  de  Mr.  W.  Ast  : 
' '  On  n'est  pas  encore  arrive  a  une  construc- 
tion du  joint  qui  repondc  aux  exigences  sous 
tons  les  mpports. 

* '  L'experience  a  toutefois  d6moutre  qu'avw; 
I'augmentation  de  la  rigidite  de  la  voie  et 
avec  Tam^lioration  des  modes  de  fixation, 
on  combat  en  m^me  temps  les  etfets  des- 
tructeurs  qui  se  produisent  aux  joints. 


t  < 


*  i 


''  in  a  different  position  in  rcferena 
* '  spacing  of  the  sleepers,  and  espedal 
*'  at  the  rail-joints  the  meeting  ado; 
**  following  general  resolution  : — 


*  *  The  close  spacing  of  sleepers,  ai 
cially  those  under  the  rail-joints,  h 
the  ordinary  means  of  strengthen 
permanent  way. 

**  Some  meml)ers  observed  that,  ac 
to  local  conditions,  it  might  be  ch< 
strengthen  the  permanent  way  by 
ing  the  weight  of  rail,  rather  tl 
number  of  sleepers,  and  therefore 
nite  rule  could  be  decided  upon ; 

**  6*^  The  following  resolution,  p 
by  the  reporter,  was  adopted  :  — 

**  Wlien  considering  the  fixing  of  t 
to  the  sleepers,  two  distinct  systei 
to  be  considered,  the  double-hea( 
the  Vignoles  rail. 

"  As  the  speed  of  trains  increas 
strain  on  the  attachment  of  rails 
sleepers    increases   very  rapidly; 
attention  must  therefore  be  paid  to 
tenings  used  on  express  main  lines. 


*  i 


*'  The  best  means  of  attachment  v. 

•  the  rails  in  strong  chairs. 

**  It   would    seem    logical    to    sin 

•  the  fastenings  of  the  Vignoles  i 
'  following  the  analogy  of  a  chair  i 

*  either  using  saddle  plates,  or  inc 

*  the  number  of  screw-spikes : 

"  7tii  The  following  conclusion  of  M 
'  was  also  adopted  : — 

*'  A  perfect  form  of  «  rail-joint  »» 
'  vet  been  arrived  at. 

*'  Experience  has,  however,  prove 
'  simultaneously  with  the  increased 

*  of  the  permanent  way,  and  impro^ 
'  in  the  attachments  of  the  rails  to  tl 
'  pers,  the  destructive  action  that  tak» 

•  at  the  rail- joints  is  reduced. ' ' 


29ii 

Tb.  Peticbe,  Eastern  Kailway  of  France,  (In  FreQch.)  —  Tlie  6""  of  Ihe  proposed 
uunclusions  says  thai  to  strengthi^ii  the  VigDoles  rail  it  should  be  fixed  as  far  as 
(tosBiblu  in  ihe  same  niiinner  as  the  chair  rail,  either  by  usiug  holding  down  plutcs 
or  l)j  incrt'iising  the  number  of  screw-spikes.  This  seems  to  imply  that  the  doublc- 
lieaded  rail  is  belter  thaii  Ihe  Vignules  rail,  but  from  experience  throughout  the 
wliole  world  the  Viguoles  rail  has  proved  to  be  an  exvellenl  one.     1  therefore  ask 

iliiil  ibc  wording  of  the  conclusion  should  be  slightly  altered- 
Kr.  Sebray.  (In  French.)  —  The  sentence  in  question  is  taken  from  Mr.  Ast's 

report  where  he  says :  "  It  would  seem  logicid  lo  strengthen  Ihe  fastenings  of  the 

Vignolps  rail  by  following  the  analogy-  of  a  chair  rati  and  either  using  saddle  plates 

or  increasing  the  number  of  screw-spikes "'. 
I  Lhink  that  the  reporter  will  not  object  to  a  modilieation  of  the  wording  and  the 

oraisaion  of  "  following  the  analogy  of  a  chair-rail  "  so  that  instead  of  commencing 

"'Ih  .,     "  It  would  seem  logical,  etc...  "';  the  sentence  would  read  as  follows  : 

"  'I  is  advisable  to  fix  the  Vignoles  rail  either  by  using  saddle  plates  or  by  increasing 
"le  number  of  screw-spikes  ". 

*■  PetMhe.  {In  French.)  —  There  are  over  430,000  miles  {700,000  kilomelresi 
"frails  in  the  world,  of  which  400.000  miles  f640.UOO  kilometres)  are  Vignoles  rail 
and  Would  thus  be  considered  of  an  inferior  type/  This  is  not  a  reasonable  way  of 
'™«|-|g  the  matter. 
Kn,  Debrsy.  (In  French.)  —  There  is  another  difiicully.  The  paragraph  alluded  to 
liySlj-.  petschc  is  preceded  by  this  one  :  '*  The  best  means  of  atUiehincnl  is  thai  of 
fixing  Ihe  niils  in  strong  chairs.  " 
I*"-  Jeiltelei.  president  of  the  1"  Se>IUm.  —  It  is  the  opinion  of  the  Section. 

Itr.  Peteche.  (In  French)  —  1  was  not  present  at  the  sectional  meeting  when  that 
\>M  of  ihe  question  was  discussed. 

Itr,  WerchovBky,  Ministry  of  Ways  of  Communication,  Russia.  (In  French.)  — 
llcntlemcn,  I  should  like  lo  make  a  remark  regarding  the  4'"  conclusion  which 
Ocals  with  the  weight  and  quality  of  rails.  It  has  been  stated  that  the  former  tends 
'<>  increase,  but  it  has  also  been  said  that  there  are  railways  with  light  rails  so  that 
Ihosc  who  read  these  conclusions  will  not  understand  what  they  mean.  You  must 
•■"her  have  light  rails  or  heavy  ones,  and  if  the  tendency  is  to  use  heavy  rails,  no 
■"ention  need  be  made  of  light  ones;  the  conclusion  is  not  sutliciently  explicit. 
"  ith  regard  to  the  quality  of  rails,  the  Section  would  not  express  an  opinion  as  to 
*liether  the  rails  should  be  harder  or  softer  because  it  was  a  matter  of  taste. 

We  arc  now  at  the  fifth  session  of  the  Congress-  and  at  every  previous  session  this 
l^ieslion  has  been  discussed  The  Congress  cannot  in  its  present  session  ignore  the 
***ork  and  the  discussion  of  previous  sessions.  As  far  as  I  can  remember,  it  was 
**ai«(l  at  a  previous  session  that  lliere  was  a  tendency  (o  employ  hard  rails  and  the 
•digress  approved  this  tondeiuy. 
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Papers  have  been  read  and  discussioas  Jiave  taken  place  on  the  subject  at  pmio 
sessions  and  yel  after  ten  years  and  four  sessions,  the  Congress  of  the  fifth  sessii 
would  now  resolve  tliat  no  opinion  can  be  given  on  the  subject  of  hard  versus  s< 
rails. 

This  seems  lo  me  inipossilile. 

Mr.  Jeitteles,  prciidenl  of  the  J"  Section,  i  In  Kremh.)  —  (ienllemon,  I  must  adii 
that  we  did  not  arrive  at  a  more  precise  conclusion  on  the  subject  of  the  weij^ 
of  rails,  but  many  of  you  were  present  at  ihe  sectional  meeting  when  we  disfussi 
the  matter.  It  was  there  staled  as  a  fact  proved  by  experience  thai  the  present  type 
loconiiiiivcs  could  be  inn  ;il  U]^h  speed  over  CO  lb  (30  kilograms)  rails,  Tlie  en; 
neers  who  made  this  statement  added,  howewer,  that  they  are  changing  the  ra 
because  it  costs  too  much  in  maintenance.    This  is  stated  in  the  report. 

Other  members  said  :  "  We  use  70  lb  (S5  kilograms)  rails  and  our  engines  ira* 
at  56  miles  {90  kilometres)  an  hour,  the  load  per  axle  being  as  much  as  14  Ions,  ai 
yet  we  do  not  find  it  necessary  to  strengthen  the  raits.  "  They  arc  satisfactory 
every  respect  even  from  the  point  of  view  of  economy  in  road  maintenani 
Most  of  the  members,  however,  said  the  tendency  was  to  increase  the  weight  of  rai 
and  in  this  opinion  1  concur.  Both  of  these  opinions  can  be  mentioned  withe 
necessarily  implying  a  contradiction.  This  tendency  exists  in  every  country  outsi 
England  where  the  need  of  increasing  the  weight  of  rails  is  not  felt,  but  on  1 
Continent  of  Europe  the  fact  is  indisputable.  Further,  the  Section  has  staled  U 
rails  from  80  to  90  lbs  (40  to  4^  kilograms)  are  quite  sufficient  for  present  and  futi 
requirements. 

On  the  other  hand,  it  was  thought  that  the  100  lb  (50  kilograms)  rails  adopted 
Kelgium  were  loo  heavy.  I  think  this  is  the  best  summary  I  can  give  of  the  opini 
of  the  Section  on  the  matter.  {Ilettr!  Hear!) 

With  regard  to  the  quality  of  the  slcel,  we  were  quite  aware  thai  the  matter  h 
been  dealt  with  at  a  previous  session  and  also  with  what  result,  but  the  memlx 
who  were  present  this  time  refused  lo  express  an  opinion  on  the  point. 

Kr.  WerohoTiky.  In  French. i  —  In  order  thai  the  conclusion  should  not  be  I 
vague,  could  we  not  add  that  the  tendency  to  increase  the  weight  of  rails  seei 
justified.  It  seems  lo  me  that  the  province  of  the  Congress  is  lo  point  oul  I 
course  to  follow. 

Then'  may  he  tendencies  in  several  directions.  Bui  il  is  for  the  Congress 
point  oul  llic  right  tendency  and  to  express  its  approval  thereof. 

Kr.  Bnmeel,  Belgian  Slate  Itailways.  lin  French.)  —  I  do  not  know  whether  i 
meeting  intends  to  enter  into  the  discussion  of  Ibis  conclusion  before  we  have  i 
printed  text  before  us,  but  it  seems  lo  me  lo  be  very  rash  to  discuss  the  text  nier 
after  hearing  it  read  oul.  illear !  hear!' 

Mr.  I'ets«'he's  remark  is  a  case  in  point  and  I  could  mention  others  which  conu 
my  own  section  particularly.     If  the  meeting  does  not  object,  I  should  iikelonii 


»  few  mticisms  on  the  conclusions  of  the  i*  Section .  This,  I  know,  is  contrary  1o 
a  cuslom  that  is  almost  always  observed,  ami  no  member  of  a  section  has,  withrare 
exceplions,  opposeil  in  general  meeting  what  has  been  approved  in  his  section,  but 
if  1  do  not  respect  these  traditions  it  is  for  special  reasons,  similar  to  those  brought 
forward  by  Mr.  Petschc.  There  has  been  either  an  omission  or  a  misnndorslandiiig 
in  the  conclusions  as  regards  the  weight  of  rails.  These  conclusions  were  proposed 
by  Mr,  Fouan  and  were  written  very  hurriedly  in  pencil  on  a  scrap  of  paper,  and 
they  were  to  Ihe  client  that  there  was  a  general  tendencyto  increase  the  weight  of  rails 
ami  to  earn,'  it  to  "  about  a  minimum  ol  80  lbs  i40  kilogranisi ".  I  confess  1  ihink, 
and  Mr.  Fouan  will  forgive  me  for  saying  so,  that  in  these  words  aboul  a  minimum 
Iherc  is  a  l;ick  of  harmony  that  a  resolution  drawn  up  with  deliberation  would  have 
avoided, 

Unforlunatcly,  an  attempt  was  made  In  improve  the  wording  by  omitting  the,  in 
my  opinion,  most  imporlanl  word.  The  word  minimum  which  was  in  the  original 
'ext  should  have  been  retained.  When  was  it  left  out;  1  may  have  been  pi-coc- 
cupicd  at  tho  moment,  but  certainly  if  1  had  noticed  the  omission  at  the.  lime  1  should 
''a-\e  prolcslcd.  We  find  thai  the  conclusions  now  stale  that  "  Ihere  is  a  tendency 
'o  advance  ihe  weight  lo  about  80  lbs  (40  kilogramsj  ".  As  far  as  England  goes  ihts 
's  entirely  opposed  lo  facts  for  we  find  in  Mr,  Ast's  report  that  most  English  rail- 
*■»«  use  85,  89  and  91  lb  (42  i/,,  44  '/?  and  *3  Vi  kilograms)  rails. 

<lur  amiable  hosts  have  led  Ihe  way,  for  England  is  without  doubt  the  country  of 
ffO«il  roads  and  fast  trains.  If  our  conclusions  state  that  there  is  this  tendency  to 
"><:3¥ase  the  weight  of  rails  lo  80  lbs  (40  kilograms)  we  siiould  pay  s  hack  handed 
•^t*  jnplimcnl  to  our  English  hosts  by  implying  that  they  had  gone  too  far. 

3lr.  leitteles,  president  of  the  J"  Section.  —  The  conclusion  refers  to  Ihe  continent 
S'Ks^not  to  England  where  the  speeds  ai-e  much  higher.  We  cannot  take  this  special 
csfescinto  consideration. 

^lie  Preaident.  —  It  is  past  live  o'clock,  so  I  will  ask  Mr.  Bruneel  if  ho  would  kindly 
l*o»llK)ne  his  remarks  till  to-morrow.     There  are  other  speakers  besides. 
K.  Binaefll.  (In  French.)  —  I  am  at  the  disposal  of  Ihe  meeting. 
—  The  meeting  adjourned  at  3  o'clock. 


'^ 


Jaly  5,  1896,  at  2  o'clock. 

l-iin[i  STAIJiltlltr.E,  iiiK  Pkksidknt,  i\  rtiK  i:iiAiti. 
^be  President.  —  Mr.  Bruneel  is  in  possession  of  Ihe  chair. 
Hr.  Bmncel.  Belgian  Slate  Railways.  (In  French.)  —  Gentlemen,  my  remarks  were 
""erpupted  yesterday  by  Ihe  adjournment  of  the  sitting  which  had  been  very  long 
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and  liring.     A  goo<l   ninny  members  liad  gone  awity  and  so  perhaps  I  may      "^ 
allowoil  lo  rccapiluliiU-  soniewliat. 

In  Hie  first  place  I  would  go  back  upon  Ihe  special  point  juslirylng  my  inlerveiili*^'' 
in  the  discussion  of  the  conclusions  to  which  my  own  section  came.    1  s»"^ 
yesterday  that  a  word  which  I  consider  quite  essential  had  been  omittcil  in  lite  liiial 
form  of  (he  resolution.     I  added  that  this  omission  had  escaped  niy  notice  and  gave, 
as  my  excuse,  absence  of  mind.     But  this  absence  of  mind  must  have  been  sliurcd  l>y 
oilier  members  of  Ihe  section,  for  since  yesterday,  several  members  of  llie  section     1 
have  told  me  how  surprised  they  were  when  they  found  that  ihe  only  word  «hi«.rh 
led  ihem  to  support  Mr.  Pouan's  resolution  had  dropped  out.     I  have  since  looked  at 
the  shorthand  notes  and  I  find  that,  at  the  beginning  of  the  meeting  of  Ihe  following 
day,  one  of  the  delegates  expressed  his  astonishment  at  the  omission,  when  ttie 
minutes  were  read  out.     1  observed  that  the  word  *•  minimum  "  no  longer  formed 
part  of  Ihe  linal  conclusions.     Hence  the  surprise  of  several  members.     If  tlie 
shorthand  notes  arc  correct,  then  the  word  "  minimum  '  was  dropped   out    Ijy 
simply  omilling  it  in  reading  without  the  attention  of  members  being  specia^lly 
cilled  lo  its  omission.  j 

Mr.  Debray.  (In  French.)  —  I  have  also  looked  at  the  shorthand  notes  and  I  Jo  I 
not  think  that  they  will  contradict  me.  It  is  the  exact  text  of  Mr.  Fouan's  propo-  1 
sition,  wiih  Mr.  von  Leber's  amendment. 

Mr.  Bmneel.  (In  French,)  —  I  do  not  think  I  am  wrong  in  slating  that  the  w.jnJ 
"  minimum  "  was  read  oul  several  times,  but  in  any  case  I  consider  the  won!  » 
extremely  important.  I  voted  in  favour  of  the  conclusions  under  the  imprus^ino 
that  the  word  was  slill  in  the  text,  because,  although  the  conclusJoiis  were  DOl 
quite  satisfactory  from  my  point  of  view,  yet  Ihey  allowed  us  a  wider  margin  anil  Ibe 
Belgian  State  Railways  practice  goes  beyond  the  limils  indicated  in  the  conclus^iuns 
of  the  section. 

However  that  may  be,  I  will  repeat  what  I  said  yesterday  that  the  conclusiurks  m 
are  asked  to  adopt  are  directly  opposed  lo  Ihe  actual  facts,  I  menlioned  for  in&Iana? 
the  English  railways.  On  all  the  great  English  lines  the  weight  of  rails  runs  up  la 
85,  87,  89  lbs  per  yard  (42  '/•.  43  '/j.  44  Vi  kilograms  per  metre'  and  even  to  9/  Ibt 
(43  '/i  kilograms)  on  the  llreal  Western. 

The  President  of  1"  Section  then  said  that  Hie  conclusions  did  not  apply  to  EngM 
lines,  but  only  to  those  of  the  Continent.  If  the  discussion  had  not  been  inlcrnipinl 
by  the  adjournment  at  this  point,  I  should  have  replied  Ihat  I  was  quite  atvare  of  Ihe 
fact,  and  it  was  one  of  the  principal  points  in  the  ai^umcnt  that  1  propose  to  aJdro* 
to  you.  I  will,  with  your  permission,  return  to  the  matter  presently,  and  I  shill  ^ 
obliged  lo  members  if  they  will  kindly  remind  me  of  il  if  hy  chaticc  1  shouli 
forget  it. 

We  are  invited  to  state  that  the  weight  of  rails  on  express  lines  reaches  aboul 80 '■* 
(40  kilograms).     The  section  lias  defined  iin  express  line  as  one  where  Itic  sp«** 
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attains  62  to  74  miles  (100  to  120  kilometres)  an  hour.     It  is  not  correct  to  state  that 
the  weight  of  rails  on  these  lines  is  nearly  80  lbs  (40  kilograms).     Such  a  statement 
^oold  not  be  true  any  more  of  continental  than  of  English  lines.    When  I  speak 
^f  continental  lines  I  mean  lines  where  high  speeds  are  really  attained  in  ordinary 
practice  and  not  lines  where  the  traffic  does  net  require  such  speeds.     I  have  gone 
through  the  weight  of  rails  on  the  various  systems  whose  speeds  approach  those  of 
^be  English  lines.     I  find  that  in  France  the  Midi  uses  rails  of  77  lbs  (38  Vt  kilograms); 
Clie  State,  80  lbs  (40  kilograms);  the  Orleans,  85  lbs  (42  Vt  kilograms);  the  Western, 
U>8  (44  Vt  kilograms);  the  Nord,  90  lbs  (i5  kilograms),  and  the  Paris  and  Lyons, 
lbs  (48  Vt  kilograms).    In  Belgium  the  State  Railways  have  adopted  a  rail  weighing 
**  OS  lbs  (52  Vt  kilograms).    Now  when  1  mention  the  great  French  Companies  and  the 
gian  State  railways,  I  have,  1  believe,  mentioned  the  only  systems  on  the  Con- 
mi  which  are  here  represented  on  which  these  high  speeds  are  reached  in  every- 
practice. 

.  Lndvigh,  Hungarian  State  Railways.  (In  French.) —  This  is  not  a  discussion  for 
general  meeting.  I  do  not  deny  the  interest  of  the  information  just  given  us, 
we  have  never  hitherto  discussed  such  details. 

N%  should  only  be  repeating  in  general  meeting  what  has  already  been  threshed 
in  sectional  meeting. 

.  Bnmeel.  (In  French.)  —  This  question  was  not  discussed  in  section. 

.  LudTigh.  (In  French.)  —  It  should  have  been. 

.  Bnmeel.  (In  French.) —  Everything  that  tends  to  improve  the  resolutions  and 

prevent  the  Congress  from  committing  itself  to  inaccurate  statements  may  and 

:iny  mind  ought  to  be  said  in  general  meeting.     As,  however,  the  general  opinion 

in  favour  of  cutting  short  the  discussion  I  will  be  brief,     I  maintain  Ihat  Ihe 

ight  of  rails  on  the  Continent  considerably  exceeds  80  lbs  (40  kilograms). 

^nie President.  —  These  details  have  already  been  discussed  in  section.     1  will  ask 
^  therefore  to  kindly  condense  your  remarks. 

•Ludvigh.  (In  French.) —  You  might  formulate  your  proposition  and  send  it  up. 


^1 


.  Bmseel.  (In  French.)  —  I  am  surprised  at  the  remarks  made  which  no  pre- 

ent  justifies. 

I  have  taken  part  in  the  Congress  from  ihe  beginning,  and  I  remember  that  in 
<evious  sessions  we  have  on  several  occasions  had  exhaustive  discussions  of  the 

tail  of  questions  in  general  meeting.  Be  that  as  it  may,  I  insist  on  the  fact  that 
^proposed  conclusions  are  opposed  to  the  opinions  of  many  of  the  delegates  and 
^  opposed  to  actual  facts,  so  that  the  Congress  cannot  possibly  vote  in  favour  of 
^m. 

Much  heavier  rails  than  80  lbs  (40  kilograms)  arc  used  on  many  continental 

press  lines.    It  would  be  strange  if  a  Congress  composed  of  specialists  —  men 
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who  irusl  much  more  lo  praclical  e%|icTienoe  and  obscnalions  Ihan  lii  sotcntifi 
calculations — il  would  be  slraiige.  I  say,  it'lhis  Congress  were  Kr  slaluns  a  fad  tha 
whicli  could  be  inslantly  conlradiclod  by  the  slalislics  of  many  ditferenl  Europeai 
systems.  As  the  President  has  asked  me  to  be  brief,  I  will  sum  up  by  rcqueslini 
that  the  conclusions  originally  proposed  by  Mr,  Fouan  and  which  have  beei 
weakened  should,  on  the  contrary,  be  sirenpthened,  and  instead  of  saying  "  thi 
meeting  finds  thai  the  weight  of  rails  is  increascil  lo  about  80  lbs  40  kilograitisi  " 
we  should  say  that  "  on  express  lines  where  trains  have  speeds  of  oO  miles  80  kilo- 
metresi  an  hour  and  upwards,  the  weight  of  rails  exceeds  and  often  greatly  exceed) 
80  lbs  (40  kilograms)."  Innumerable  examples  prove  this.  The  Paris,  Lyons  ani 
Mediterranean  Railway  employs  !)7  lb  (48  '/t  kilograms)  rails  and  the  Belgian  Stall 
Railways  use  105  lb  (S2  '/*  kilograms)  rails.  We  cannot  let  it  bo  thought  that  the« 
railways  have  wasted  money  to  no  purpose,  actually  thrown  it  away.  We,  detegatiM 
of  the  Belgian  Stale  Railways,  cannot  accept  such  a  conclusion.  1  am  ^\irc  thai 
those  of  my  French  colleagues  who  have  adopted  heavier  rails  than  80  lbs  <  iO  kilo- 
grams ,  and  even  00  lbs  (45  kilograms)  will  entirely  agree  wilh  me.  I  regret  not  U 
be  able  tn  deal  with  the  matter  in  greater  detail.  1  had  much  more  to  say.  kit 
in  ilelVrence  lo  Ihe  President's  wishes,  I  will  now  conclude. 

Mr.  Jeitteles,  president  of  Ihe  1"  Scelioii.  — Mr,  Bruneel  has  again  asserted  that  i 
word  has  been  omitted  from  the  lexl  of  the  resolution  proposed  by  Mr.  Fouaa 
I  must,  however,  mention  that  this  modification  was  accepted  by  vote  of  the  seetion 
and  one  of  its  members,  I  believe  Mr.  von  Leber,  moved  to  omit  the  word  *'  mini 
mum  ".  If,  therefore,  the  word  has  been  taken  out,  it  is  no  fault  of  mine,  and  Lhi 
conclusion  as  it  now  stands  is  that  which  the  Section  passed.  As  far  as  I  rememlj 
ber,  the  Section  refused  to  fix  either  a  minimum  or  a  maximum  for  the  weight  c 
rails.  f 

Wilh  regard  to  that,  I  believe  that  we  shall  agree  with  Mr.  Bruneel  and  if,  t^ 
meet  his  objections,  the  meeting  thinks  proper  lo  say  "  a  weight  of  about  80  Hi 
{40  kilograms]  or  upwards  ",  I  shall  not  oppose  il. 

JUr.  Brtmeel.  (In  French.)  —  You  might  put  "  and  sometimes  consiileralilyexcoiyS 
80  lbs  (40  kilograms;". 

Kr.  Jeitteles. 
upwards  ". 

Mr.  von  Leber.  (In  French. 


—  We  might  iid.l   ; 


■  8(1   lbs   (40   kilograms!  the  wonls 


Let  us  avoid  Using  any  minimum  weighl.  « 

Mr.  de  Eoimittky,  itussian  Ministry  of  Communications.  |ln  French  )  —  A  sligUl 
moditicalion  should  be  made  in  the  4'"  resohilion  commencing  :  Dealing  with  tls| 
rails,  it  says  Ihal,  "  taking  into  consideration  the  other  dements  of  tlic  permanufl 
way  and  the  rolling  slock,  there  is  a  general  tendency  "...  After  ihe  woi 
"  elements  of  the  permanent  way  and  the  rolling  stock  ".  [  would  projiost 
"  and   he  good  (pialily  of  Ihe  steel  of  the  rails  ". 
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'his  is  an  important  point,  as  some  works  turn  out  very  soft  rails  and  such  rails 

^^^"^"•en  at  the  ends  after  being  in  use  for  a  few  years.    This  increases  the  jolting  and 

>:x~mages  the  tires  and  involves  renewals  of  rails  after  a  few  years  of  service.     If  the 

\l  of  the  rails  is  good,  this  does  not  happen.     Hence  mention  should  be  made  of 

quality  of  the  steel. 

[r.  Ludvjgh.  (In  French.)  —  Of  course,  if  you  use  soft  rails  they  cannot  carry  the 
^s  required,  but  we  must  assume  that  the  quality  of  the  materials  employed  is 
The  proposed  addition  seems  to  me  superfluous. 

[r.  de  Konnitsky.  (In  French,)  —  Then  I  must  object  to  the  words  "  there  is  a 

reral  tendency  **,  because  in  Russia  this  '*  general  "  tendency  does  not  yet  exist. 

fth  our  very  soft  rails  an  increase  in  the  section  of  the  rails  would  be  mere  waste. 

sive  another  remark  to  make.     I  hold,  in  common  with  many  Russian  engineers, 

.t;  the  weight  of  80  lbs  (40  kilograms)  should  not  be  mentioned.    We  should 

iply  confine  ourselves  to  the  statement  that  there  is  a  general  tendency  to  increase 

weight  of  rails  on  express  lines  where  the  speeds  attain  50  miles  (80  kilometres), 

there  we  should  stop. 

[any  Russian  engineers  think  that  the  weight  should  only  be  increased  to  about 

lbs  (40  kilograms)  when  the  speeds  attain  nearly  62  miles  (100  kilometres)  an 

^"^^ —     We  can  run  on  ordinarj'  sleepers  at  80  miles  (80  kilometres)  by  strengthen- 


the  attachments  and  the  joints  of  the  rails,  and  we  should  only  require 

lb  (40  kilograms)   rails  when  our  speeds  attained  something  like  62  miles 

kilometres).    At  present  in  general  we  use  60  lb  (30  kilograms)  rails  and  on 

lines  we  go  as  high  as  67  lbs  (33  V2  kilograms).    This  is  the  case  with  Ike 

te  Railways. 

e  President.  —  I  will  ask  the  meeting  whether  they  accept  the  report  and  the 
Solution  on  question  I,  with  the  amendment  accepted  by  Mr.  Jeitteles. 

Agreed. 

.  d'Abramson,  Russian  State  Railways.  (In  French.) —  I  have  been  asked  to 

ke  the  following  proposition  to  the  meeting  by  a  large  number  of  the  members  of 

1**  Section.    For  special  reasons  which  I  need  not  mention  here,  the  Section  was 

^ble  to  adopt  Mr.  Ast's  conclusions  in  their  entirety.     Rut  his  report  is  so  com- 

I 


*^***tte  and  so  interesting  that  every  engineer  may  profit  by  its  exhaustive  study. 


^^erefore,  in  the  name  of  the  members  of  whom  I  have  spoken,  ask  the  Congress 
^ote  their  hearty  thanks  to  Mr.  Ast,  and  I  trust  that  the  meeting  will  accept  my 
lution.  (Hear!  Hear!) 

^•he  Preeident.  —  I  have  no  doubt,  whatever,  that  the  meeting  will  approve  of 
-  d'Abranison's  proposition. 

"-•  Carried  unanimously. 


APPENDIX 


DiagraniB  showing  the  condition  of  the  tracks  aa  obtained  by  mechanical  inspection  j 
by  means  of  P.  H.  Dodley's  Track  Indicator  npon  the  New  Tork  Central  and  J 
Hudson  River  Eaitroad  and  the  Boston  and  Albany  Railroad. 

Coiiimunic3te<l  bv  P.  H.  DUDLEY. 


'^ 


I.  Comparatke  (Jiagrnma  for  the  Hudson  Divition  (Nets   York  lo  Alb/i'i^)  of  the  .V.    Y.   CZ::> 
aiid  H.  R.  E.  R.  for  tS9l  and  for  /«SS, 

From  Grand  Central  Station  to  Mott  Haven  ,1iinctinn,  aiid  Spuyteii  Diiyvii  U>  Peekskill  100  1' 
rails  have  replaced  ihe  80  lb  rails,  shown  on  tlie  diap'am  tor  1891 .     On  other  porti 


s  Khown  OD  tlie  diagrants.  except  four  yoars  must  be  added  t 


1  to  Mott  Haven  Junction,  the  line  c 


s  the  traffii.' 


line  the  steel 
of  the  Gtecl. 

From  Grand  Central  Stitt 
railroads. 

The  comparison  in  the  undulations  of  the  lines  is  verv  striking. 

The  80  lb  rails  wore  laid  with  22  inch  angle  splice  bars  —  Buspendod  joints  —  on  lie  per 
tions  of  the  line  which  hare  since  been  replaced  with  100  lb  rails.     On  the  other  portions  i>f 
line  shown  by  the  diagrams,  the  80  lb  rails  vere  laid  with  anglo  splice  bars  40  inches  long 
a  joint  tie  being  directly  under  the  joint  —  (the  splice  bars  have  since  been  reduced  to  36 

From  Spuyten  Duyvil  to  Peekskill  the  undulations  in  the  100  lb  rails  as  shown  on  the  dit 
are  only  about  one-lhird  in  amount  of  those  in  the  80  lb  rails  they  replaced,  which  bad 
22  inch  splice  bars  and  suspended  joints.     The  traffic  was  so  heavy  here  that  by  labour  it 
impossible  to  maintain  these  joints  to  as  high  a  standard  as  was  desired. 

The  undulations  in  (he  100  lb  rail  are  now  practically  al  the  minimum  value  (or  the  secli 

From  Peekskill  to  Albany  the  80  lb  nub  were  laid  with  three  lie  joints,  which  ha*e  held 
and  notwithstanding  four  years  service  on  them,  the  diagrams  show  there  is  but  Ut^e 
in  the  undulations  of  this  track. 

This  feature  has  shown  itself  quite  as  marked  on  the  other  divisions  of  the  line. 

Undei'  the  heavy  rails  and  supported  joints  the  rails,  notwitlistanding  a  wear  of  the  sit 
undulations  in  the  Crack  do  not  increase  as  rapidly  as  formerly  on  light  rails  and 


2.   Dific/rams  for  Ihf  B.  and  A.   R.   R. 

■lilar  conditions  si-e  fmmd  In  obtaii]  on  \W:  li.mvj-  rails  i>f  the  Bnsrmi  and  Albnny  Railroad. 
'■"^**    tbtiir  henvy  gradients  diagrams. 


CiKNERAL  EXPLANATIONS. 


lagranis  representing  rnrious  dctAils  of  e&di  track  aa  obtained  \iy  mechanical  iiispucliini  oTf 
Ky^n  upon  Che  engrnving  for  each  division. 

Ten  years  ago  (he  first  i-ondeneed  diagraran  were  made  ol  (he  condition  o(  the  track. 
"I'liis  vcar'j,  compai'cd  nitli  them,  sliow  tracks  not  considered  aUainHhle  at  that  time.  Ih'> 
•  dtjUatioiiE  being  reduced  neai'lj  one  half  in  amount  per  mile,  while  the  stabilitv.  under  a  much 
■p^r^o»tcr  traffic,  has  been  practicallj  dotibled. 

The  liiiRS  reprcBcntiiig  the  ' '  Oxidition  of  Track  ' '  |)er  mile  are  clone  approii  mat  inns  to  the 
'  "  Ooiidition  of  the  Steel  ' ',  and  the.  improvement  In  ihjS  track  on  the  old  rails  is  due  to  the 
Lnoi~c;af  ing-  skill  uf  the  trackmen  in  reducing  some  of  the  longer  bonds  in  the  rails. 

fLaiU  ill  the  track  have  definite  forms  as  to  their  surface,  due  to  beiidf,  diivetly  ti-accable  to 
^•■BLnt  of  care  in  their  manufacture,  or  to  development  afterward  in  service ;  the  forms  being  aimo 
«»■»«;  «j(  ibo  typta  represented  by  cuts  Nos.  7,  3,  2,  or  1 . 

Cut  No.  7  represents  n-ell -finished  rails  from  the  mills,  onlj  found  in  llie  besl-surfjtced  tracks 
■nalcjng  a  linn  on  the  original  dingnkms  liimilar  to  that  shown  in  cut  No.  tj. 


Cyis  Nos.  2  and  1  ropiicsoiit  forms  of  rails  as  developed  under 

Ttey  are  not  as  prominent  as  formerly,  murh  of  the  sot  ii 
^J*  tlie  increasing  skill  In  surfacing,  materially  checking  the  rat 
"^oepting  on  some  rails  which  are  very  soft. 

Cut  Ko.  3  is  an  exaggerated  representation  of  badly  finishi^d  rails  from  the  mills,  the  surface 


II  the  i>ite  having  been  reduced 
c  of  irregular  wear  of  tlu>  rails. 


™«ng  wavy,  or  full  of  short  kinks,  producing  a  more  unpleasant  tremor  it 
joints. 

Cut  No.  4  is  an  eiaggorated  representation  of  the  characteristic  undu]atinn!<  which  even  tJio 
^fWooihesl  rails  make  under  the  weights  of  the  wheels  of  locomotives  and  cars. 

The  stilTer  the  rails  and  the  better  the  track,  the  smaller  are  the  undulations. 

Thit  is  well  illustrated  on  the  diagrams,  the  80  lb  rails  showing  the  least  unduIntioTii^. 

The  strains  of  the  metal  in  the  rails  under  the  wheels  of  the  locomotives  and  cars  are  of  two 
"•'nds,  y'tz  ;  compression  in  the  head  and  tension  in  the  base,  while  betwwn  the  wheels  the  strains 
'"'*'  reversed,  the  head  being  in  tension  and  the  baae  in  compression  —  the  strains  reversing  as 
''*<^  wheel  passes  over  the  roils. 

The«c  reversing  strains  tend  to  raise  the  rails  between  the  wheels  over  each  tie  to  bo  driven 
'"*'^ro  the  next  instant  by  the  passing  wheel. 

ThejtdntB,  mb  rule,  being  the  weakest  points  in  the  rail,  deflect  more  readily  than  the  other 


305 

portions,  and  are  liable  to  take  a  set  —  much  care  being  required  to  prevent  development 
of  forms  similar  to  those  of  Nos.  2  and  1 . 

The  deflection  of  rails  increases  with  the  age  of  service  as  their  stiffness  is  decreasing  by  the 
lo68  of  metal  from  the  head  and  base. 

From  the  above  it  will  be  readily  understood  that  the  undulations  of  the  rails  in  the  track  may 
be  due  to  one  or  a  combination  of  several  causes,  to  wit : — 

H    Short  bends  in  the  rails  frcyin  the  mills; 

2P^   Houffhness  of  the  rails  from  unequal  wear; 

3^    JLt€>ng  bends  in  the  rails; 

4^   Xftnc joints; 

S^   2>^fleciion  of  loose  rails,  'worn  joints  and  ties ; 

6^    Rails  cutting  into  the  ties. 

On  tlie  diagrams  the  **  Condition  of  Track  Line  ' '  for  each  inspection  represents  the  average  sum 
of  oH  tlie  various  undulations  of  the  rails  per  mile,  and  while  relative  as  to  the  base  line,  also 
sbo^'^  tlie  comparison  of  one  mile  with  another. 

The  average  condition  of  each  mile  is  indicated  from  the  horizontal  line  crossed  or  touched  by 
tbe  coadition  of  track  line  in  the  centre  of  the  space  for  the  mile. 

lAnes  marked  **  Age  of  Steel  ' '  for  each  mile  give  its  length  of  service,  each  horizontal  space 
Tep^resenting  one  year. 

Lanes  narked  **  Percentage  of  Tangent  and  Curve  ' '  show  the  approximate  alignment  of  both 
tracks  per  mile      The  percentage  of  tangent  is  marked  on  the  left  side  of  the  space  for  the  mile, 
and  Uukt  of  the  curvature  on  the  right  side.     Each  horizontal  space  represents  10  p.  c.  for  the 
mile. 

Lines  marked  «  Profile  »»  show  the  gradients  of  the  road,  and  are  common  to  both  tracks, 
thoagh  ascending  grades  on  one  ti*ack  arc  descending  upon  the  other,  and  vice  versa, 

lines  marked  **  Gauge  of  Track  '*  read  downward  from  the  base,  or  65^  line,  and  show  the 
amount  the  track  is  wide  gauge,  each  horizontal  space  representing  one-tenth  (1-10)  of  one  inch; 
a  point  projecting  below  the  general  average  indicates  that  on  some  curves  two  or  three  rails  are 
much  wider  than  the  rest,  and  usually  will  be  found  on  the  lower  rails. 

l-ines  marked  **  Side  irregularities  of  the  Rails  ",  above  the  65***  line,  represent  the  side  irre- 
^^*™ttes  of  the  rails,  each  horizontal  space  i^presenting  one-tenth  (1-10)  of  one  inch.  This  line 
^^  from  the  highest  point  in  the  centre  of  the  space  for  the  mile. 

*w^  spaces  are  about  the  best  results  which  can  be  obtained. 
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DIAGRAM  No.  1. 


NEW   YORK    CENTRAL  AND    HUDSON    RIVER    RAILROAD 


DEPARTxMENT  OF  MAINTEiNANCE  OF  WAY. 

Waltbr  KATTE,  Chief  Engineer.  W.  D.  OTIS,  General  Roadmaster. 


P.  H.  Dudley's  condemed  diagrams  of  the  condition  of  the  track  from  inspection 

of  September,  1891  and  1895. 

80  lb  steel  rails,  alternate  joints,  stone  and  gravel  ballast,  passenger  and  freight  service. 

Hudson  tllvlsloo,  IVeiEV  York  to  Albany. 


Plain  Line,  ITOt.'B'^OKE''  |-IWE,  1895 
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DIAGRAM  No.  2. 


BOSTON    AND    ALBANY    RAILROAD    COMPANY 


DEPAKTMENT  OF  MAINTENANCE  OF  WAY. 


P.  H.  Dudley's  diagrams  of  track  inspections,  of  October,  1894,  and  October,  1895, 

Sleel  rails,  alternate  supported  joints,  gravel  ballast,  passenger  and  freight  service. 


Walter  SHEPARD.  Chief  Engineer. 
William  PARKER.  Div.  Engineer. 
C.  B.  LENTELL,  Roadmaster. 

Di?i8ioii  No.  I.  —  Boston  to  Worcester. 


E.  E.  STONE,  Ass't  Engineer. 
£.  A.  HASKELL,  Roadmaster. 

Division  No.  n.  —  Woicester  to  Springfield. 


^f -1 

E= 
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H-L^ 

Condition  of  Track.-Plain  Line,  It 
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niA(;RAiM  No.  3. 


BOSTON     AND     ALBANY     RAILROAD     COMPANY 


DEPAKTMEM  OF  MAINTENANCE  OF  WAV. 


/*.  //.  Dudleifs  diagrams  of  track  inspections,  of  October,  1894,  and  October,  1895. 

Stet'l  rails,  ulteriiulc  suppurled  joiiils,  gravel  hallusl,  passenger  and  frciglil  service 

Walter  SHEPARD,  Chief  Engineer.  K.  E.  STONE.  Ass't  Engineer. 

T.  J.  SULLIVAN,  Uoadmaster.  K.  A.  McQI'AID.  Roadiniister. 

DivUion  No.  m.  —  Springfield  to  Piiisfield.  Di?i8ioii  No  IV.  ~  Piitsfield  to  Albany 


!■    SEf.TlnX.    —   WAV    AND    WOllKS 


UUESTION 


PLACES  IN  PERMANENT  WAY 

REQUIRING    SPECIAL    ATTENTION 


Means  to  (tvoiit  ifir  iiecessUy  of  exjirrsspx  slaclieiiiiHj  speed,  and  to  pre- 
vent shocks  in  passing  special  jmints,  audi  as  sharp  curves,  long  and 
sleep  {fradienls,  facing  points,  rail-crossin(fS,  road-crossings,  swing 
frridgm,  etc. 
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I?/EI^OR;T 


By  M.  SABOURET 

ING^NIBUR  DBB  PO:<TS  KT  CHAUSSlfcSS 
PBIKCIPAL  PERS^AKENT  WAT  ENCilNEER  OP  THE  PARIS  ORLEANB  RAILWAY   COMPANY 


POSITION   OF  THE   QI'ESTION. 

To  following  obsenations  preceded  the  detailled  list  of  questions  submitte^l  ti> 
the  Companies  affiliated  to  the  Congress. 

a  The  avoid  encroachments  on  the  adjoining  questions,  reversions  U)  questions 
previously  discussed  or  even  digressions  on  complex  subjects  which  may  be  met 
with  incidentally,  we  think  it  necessar>'  to  define  at  the  outset  the  limits  within 
which  we  shall  be  obliged  to  confine  ourselves. 

cc  We  take  it  as  agreed  that  Question  II  refers  solely  to  the  trunk  lincJt^  which  are 
passed  over  each  day  by  many  trains  at  a  running  spee^l  of  at  least  4'>  \  S  miie%  an 
hour  (70  kilometres  an  hour  . 

«  As  far  as  the  road  is  concerned,  we  shall  only  c^msider  the  txr.eytumnl  i'Mn^ 
and  gradients  for  which  the  line  has  received  a  local  strengthening  and  vihicb  are 
passed  over  without  slackening  speed, 

«  As  far  as  the  places  requiring  special  attention  are  concerned  which  are  pro- 
tected by  adminUtratitc  re^julatumM^  such  as  the  road-^rroibsing^  axid  the  tu^W 
stations  on  single  line,  we  only  ask  for  that  portion  of  the  r^^lation^  the  ftpe^ial 
object  of  which  is  to  avoid  the  necessity  of  expre^vs*  ila^keoing  §peed.  a 

The  replies  received  bare  ^hown  that  in  fixing  Ki  M  mlU^  To  Liioaietf«A  axi 
hour  as  the  mioimom  %f^:^  of  a  train,  entitled  t/v  be  fali-rd  expreH,  a  Umj  biirfj 
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his  not  beoi  assifpied  firom  the  poiDt  of  Tiew  in  qnfaiiwi.  iBdeeil,  firoB  tk 
Domeroiis  replies  which  hare  been  reoeired,  it  seems  that,  cicm  oa  Saes  on  wkid 
speeds  of  43  IS  miks (TO kil<mietres)  an  hoar,  and  npwaordsv  ave  nBowtd^ no  paiti- 
cnbrtffangenKntisascdtodoawaf  with  the  slamming  at  thecraan^of  sostof 
the  special  places  which  are  enomerated  in  the  headii^  of  qi  iImm  II,  if  the  pv-  ! 
sa^e  over  swing  farii%es  and  through  single  line  stations  is  escepied. 

And  jet  the  arrangements  adopted  at  single  line  stations  are  riii—min  in  Ki— ^  m  j 
oicrbrtrains^thespeed  of  which  does  not  exceed  TT  milri  (liO  I  ihaw  in  jj  mi  huii,  I 
aad  to  those  over  which  the  £Htest  trains  mn.  I 

■oreover  a  verj  dear  condnaon  is  denoted  in  the  replies  rccciied :  the  dackei- 
ing  at  special  points  is  nera'  compolsorr,  it  maj  be  said,  oa  aceowat  of  the  fankf 
tgsistanee  of  these  points,  or  of  the  inangciencT  of  th^  jliU^mj^  rfcy^ai^  The 
OMthods  which  are  applied  in  CNrdo'  to  an>id  the  slackening  are  neither  Teiy  m^ 
nor  very  interesting.  Considerations  of  a  ocMnmercial  natnre,  and  even  of  a  mooi 
order,  are  ibond  U>  hare  in  the  question  quite  another  importance  to  consideratkMi 
of  a  technical  nature. 

Ola  lines  where  competition,  the  indination  of  the  public,  or  the  qpiril  of 
process,  instigate  an  increase  of  train  speed,  slackenii^  has  been  quicUr  abolisM 
contrrri^g  0Qt-of4he-waT  methods  to  afiect  this.    The  temperament  of  the 
and  the  character  of  the  populations  do  UMxe  to  acceleratf  the 
speed  i>f  the  trains  than  the  little  contrirances  which  are  emplo3ned  in  order  (o 
$t^»J:tlk^fl  live  line  at  certain  points.     And  it  is  thus  that  with  lines  equally  strong, 
with  similar  appliances  and  signals,  one  Company  aliow^s  its  trains  to  travel  even- 
w1h«>*  at  ^ireat  speevl.  whilst  another  slackens  the  sf^^  of  its  trains  on  e^e^. 

h  will  be  underst».Kxi  that  to  arrive  at  such  a  cv^nclusion,  question  II  cannot-  Vx'a^^ 
•nLIeri  t\>rth  either  \or\  previ>e  replies,  or  very  :ns:ra^iive  information. 
Toacaeil  other  iutorestiu,:  subjevts,  such  as  the  fv^nr.  if  re-^u!ations  for  level 
in^.  the  methvvl  of  working  small  stati»^as.  anii  :ht^  arr:tagement  of  im] 
scitioas  frvnu  the  |vnat  of  view  of  the  passing  ihrvHigh  of  expresses,  the  interh 
btKwe^ui  sijia.iU  auvl  switches,  exv>     Must  we  approich  5v  ii>  .  f  these  subjects 
oce  >ulo  ani  waiulor  frv^ni  the  question  in  {vna:  :n  orvier  to  n^ake  it  attractiv* 
has  not  Kvn  tiiough:  k\  vvusivienng  that  the  pr:nv\?KtS  of  t^^ese  akiiacent  ques 
c<pi'v  LiHn  artvVt  tra!tiv\  and  that  th:y  de>one  >i^:>ari:e  :ri  t:r.:en!.     I  have  thei 
pr\  forrwl  tv>  kivp  >trto:l\  to  the  question  as  it  was  o,> :::  c\:  in  the  prv^nramme  (^ 
\\H\^r\'s>,  s\\  \\\c  risk  of  j>rv^><Hiting  le<^  e\ha«st^v  i  r:rv^*. 


Apart  rrom  juDctions,  the  special  points  which  may  necessitate  slachening  are 
I  classed  into  three  categories: 

i"  Spe<;ial  points  of  Ike  road,  that  is  to  say,  exceptional  grac^ients  and  curves ; 
•  Special  points  of  the  permanent  way,  that  is  to  say,  the  appliances  of  the  way. 
Is,  acule  and  obtuse  crossings  and  swing  bridges; 

»  Special  points  in  the  running,  that  is  to  say,  icvol  crossings,  large  and  small 
taUons,  branches  between  stations. 


1.  - 


Special  I'oims  itv  the   iioAti. 


Exceptional  gradients  and  curves. 

rves  and  gradients  do  not  constitute  in  themselves  special  places  on  l)ie  line, 

loreover  the  arrangements  taken  to  give  to  the  line  the  resistance,  which  the 
!  of  express  trains  on   curves  and  gradients   exacts,   form  the  object  of 

ion  I. 
■have  therefore  only  to  consider  here  exceptional  gradients  and  curves.     On 
s  from  Paris  to  Lyons  and  from  Paris  to  Bordeaux  for  example,  laid  out 

I  maximum  inclination  of  1  in  20U  (O.OOS),  a  gradient  of  1  in  12j  (0.008)  is 
B exceptionally  (at  Blaisy  and  Etampes).  On  the  other  important  lines  with  a 
l&um  radius  of  39.76  chains  [800  metres)  some  curves  will  be  found,  the  radius 
lich  is  as  low  as  2i.83  chains  (500  metres),  that  is  to  say,  exceptional  curves  for 


these  are  quite  comparatively  unimportant  exceptions,  for  express  trains 
over  lines,  the  normal   inclination  of  which  attains  to  1  in  67  (0.015), 
which  the  radii  are  as  low  as  19.88  chains  and  17.40  chains  (400  and 
_         inelres). 

*  he  inclination  Hlone,  whether  an  up  or  down  gradient,  is  not  a  cause  of  weakness 
*tt  the  line;  on  an  upgradient.thespeedis  only  limited  by  the  power  of  the  engine, 
***<!  on  a  down  gradient  by  the  power  of  the  brakes.  On  a  long  and  quick  down 
^'^dient  run  over  by  numerous  trains  descending  with  the  brakes  put  on,  rails  with 
*^scd  head  may  perhaps  be  used  in  order  to  lengthen  the  life  of  the  rails  and  to 
**^^e  the  best  use  of  the  metal.     But  in  any  case  the  line  is  not  strengthened  in 
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II.  —  Special  points  of  the  permanent  way. 

1st.  Appliance  of  the  way  properly  so  called  :  switches  acute  and  obtuse  crossings. 

The  only  appliances  of  the  permanent  way  which  may  be  run  over  without  slacken- 
ing of  speed  are  the  switches  and  acute  and  obtuse  crossings. 

But  these  three  kinds  of  appliances  are  necessarily  encountered  at  double  line 
junctions  :  their  investigation,  therefore,  more  properly  belongs  to  question  III, 
which  is  devoted  specially  to  the  abolition  of  the  slackening  of  speed  during  the 
passage  over  junctions. 

It  is  to  be  hoped  moreover  that  the  reporter  of  that  question  has  obtained  more 
explicit  replies  than  have  been  sent  to  me. 

The  replies  may  almost  be  said  to  indicate  that  on  the  same  system,  the  appliances 
used  are  the  same  on  lines  for  ordinary  speeds  as  on  lines  run  over  by  expresses, 
and  that  a  very  careful  maintenance  is  the  only  regulation  applied  to  the  latter. 

Passengers  cannot  refrain  from  stating  however  that  if  these  appliances  are  run 
over  without  slackening  nearly  everywhere,  they  experience  much  more  serious 
shocks  on  one  system  than  on  another.  Permanent  way  engineers  also  know  that 
the  wear  of  these  appliances,  principally  that  of  the  switches  and  of  the  noses  of  the 
acute  and  obtuse  crossings,  increases  very  rapidly  with  the  speed  of  the  trains.  It 
is  certain  moreover  that  violent  shocks  are  always  accompanied  by  rapid  wear,  and 
that  abolition  of  the  shocks  carries  along  with  it  diminution  of  wear. 

The  appliances  best  fitted  for  the  passage  of  express  trains  will  therefore  be  found 
where  the  least  shock  is  experienced  in  running  over  them.  It  is  certain  that  in  its 
entirety  this  result  is  obtained  in  England  better  than  anywhere  else.  Passing 
through  large  stations,  encumbered  with  appliances  and  lines  of  way,  at  full  speed, 
without  oscillation,  without  shock,  is  certainly  one  of  the  facts  which  strikes  the 
engineer  most  who  travels  for  the  first  time  in  that  country.  The  causes  must  then 
be  sought  which  have  yielded  to  the  English  railways  this  marked  advance  on  the 
railways  of  the  Continent. 

Two  principles  are  seen  in  them :  the  first  concerns  the  formation  of  the  perman- 
ent way  itself,  and  the  second  a  special  organisation  for  the  manufacture  of  the 
appliances  (^). 

The  non-symmetrical  double  headed  rail  weighing  from  80.6  to  90.7  lbs  per  yard 

(*)  M.  De  Busschere,  chief  engineer  to  the  Belgian  State  Railways,  has  published  on  this 
subject  some  very  complete  and  interesting  information  in  the  Anf tales  des  dcoles  spdciales  de 
Gand. 


(•W  to  Hi  kilograninies  per  metre)  lends  itself  very  easily  by  its  form  ami  great  i 
lance,  to  llie  manufucluri;  of  the  principal  pieces  ofllie  appliances;  point  rails  of 
switches,  Qoses  of  acute  and  ohtuae  crossings,  and  wing  raHs.  The  cultitig  and 
putting  iDgetlier  of  these  rails  are  easy  and  of  little  cost:  an  advantage  is  notably 
found  of  being  able  to  give  lo  each  clement,  without  supplementary  expense,  a  greal 
length  and  consequently  great  stability,  without  exiy^sive  rigidity,  with  a  very  giwd 
fishing. 

In  the  ordinary  chair  which  weighs  from  'iHM  Id  'iS.y  lbs  ( 10  to  2t  kilogrammes 
an  excellent  model  is  obtained  for  the  special  large  chairs  which  are  used  for  the 
switches,  crossings,  etc.,  and  which  eusure  to  them  a  strong  attachment  to  the 
sleepers. 

Finally,  the  use  of  fir  of  strong  scantling  for  the  sleepers  led  to  the  placing  under 
the  appliances  of  very  largo  blocks  of  timber,  very  broad  and  long  and  perfectly 
trimmed. 

What  the  fittings,  required  for  the  running  line,  must  have  is  a  great  vertical  and 
tranvurse  resistance.  Bui  that  is  not  enough,  it  is  necessary  furllior  to  give  to  these 
appliances  a  great  perfeelion  of  form  to  avoid  shocks  at  special  points. 

This  perfection  is  the  result  of  an  organisation  entirely  peculiar  to  the  English 
Companies.  Each  great  Company  possesses  in  fact,  an  engineering  staff  with 
office  and  workshops,  fitted  up  solely  for  the  investigjition.  manufacture,  and  erec- 
tion of  the  permanent  way  appliances. 

The  examination  of  some  English  stations  proniplly  shows  the  reason  of  the 
existence  of  tills  organisation.  In  the  stations,  always  placed  in  the  centre  of  the 
towns,  every  inch  of  space  Is  utilized,  and  a  strictly  limited  number  of  patterns 
cannot  be  made  use  of,  according  to  the  custom  adopted  on  the  continent 
A  special  section  practically  entails  the  use  of  a  special  appliance;  thence  follows 
the  necessity  of  verj'  complicated  working  drawings  and  even  of  wooden  models, 
the  use  of  which  is  frequent. 

If  to  this  is  added  the  fact  that  England  is  the  country  of  the  world  where  tlt« 
Engineer  frees  himself  most  completely  from  the  IjTunuy  of  the  iniiatiable  pallem, 
it  is  easily  understood  that  the  English  Companies  have  been  Inducid  lo  create  for 
these  permanent  way  appliances  a  special  slalT,  and  also  that  this  organisation  ODCo 
created  must  necessarily  tend  lo  perfect  the  work  to  which  it  was  specialized. 

Is  it  advisable  to  follow  this  exampieon  the  continent?  His  believed  not.  GeDcml- 
ly,  space  is  not  limited  in  stations,  and  the  form  of  the  appliances  does  not  need 
to  be  varied  indefinitely.     Also,  very  far  from  seeking  a  special  solution  for  eacli 


case,  mosl  of  tlie  conlinenlal  Companies  consider  it  an  improvement  to  reduce 
more  and  more  the  number  ofpiitterns  of  appliances.  Moreover,  if  the  existence  of 
a  special  staff  has  been  in  England  the  means  of  improving  the  appliances,  it  is  not 
the  necessary  cause  of  it.  It  may  be  understood  even  that  the  redui'tiou  of  the 
Dumber  of  types  may  allow  a  very  great  perfection  to  be  given  to  each  of  them  with- 
out llie  permanent  assistanco  of  a  special  staff. 

It  may  be  added  also  that  the  adoption,  becoming  more  and  more  general  on  the 
systems  nf  the  continent,  of  a  strengthened  permanent  way  material,  wliich  will 
provide  good  materials  and  good  models  for  the  manufacture  of  the  appliances  of  thu 
way,  will  conduce  necessarily  to  the  improvement  of  these  appliances. 

To  return  to  the  subject  of  the  report,  it  may  be  stated,  that  if  the  Companies 
do  not  possess  all  the  appliances  of  the  way  of  the  same  quality,  nearly  all  however 
affirm  that  they  can  run  over  those  which  they  use,  without  slowing  down,  at 
greatest  speeds. 

Nevertheless,  a  distinction  must  be  made  as  far  as  the  points  are  concerned, 
according  as  to  whether  they  are  taken  facing  or  trailing.  When  taken  trailing  they 
are  never  in  themselves  a  cause  for  slackening.  On  the  contrary,  on  the  lines 
where  trains  are  allowed  to  pass  over  facing  points  at  full  speed,  it  is  always  compul- 
sory to  maintain  these  in  their  normal  pnsition  by  a  plunger,  provided  or  not, 
uccording  to  the  circumstances,  with  a  treadle  bar  working  with  the  point  lock. 

The  varied  forms  which  have  been  given  to  these  accessory  appliances  will  not  bo 
described  here,  a  great  number  of  satisfactory  patterns  exist. 

Some  Companies  still  insist  upon  slackening  at  facing  points,  even  when  they  are 
plunged.  They  do  so,  not  because  they  think  the  resistance  of  these  appliances 
insutlicient,  but  because  their  presence  always  creates  special  constraints  in  working. 

Every  facing  point  becomes,  in  fact,  a  special  point  of  the  running,  whether  it  is 
situated  on  the  line  between  stations  or  in  a  station.  This  aspect  of  the  question 
will  be  examined  in  the  third  part  of  the  report. 

To  sum  up,  it  is  admitted  almost  generally,  that  the  appliances,  completed  hy  a 
plunger  to  the  facing  points,  do  not  constitute  in  themselves  weak  points  of  the  line, 
and  can  be  run  over  without  slackening,  especially  where  the  safely  of  the  running 
un  the  lines,  which  ihcy  connect,  permits  it. 


From  the  point  of  vicn 
la  fact,  only  a  very  sniiill 
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In  England,  Belgium  and  Holland  wliere  a  few  of  liiem  are  met  with,  m 
over  without  slackening. 

On  the  French  syslems,  the  Nonhern  Company  alone  possesses  tliera. 
Two  Companies  only  have  intimated  that  tliey  have  given  up  slowing  down  a 
crossing  of  swing  bridges;  the  Pennsylvania  Kailroad  in  the  United  Stales  and  the 
Northern  of  France. 

The  Pennsylvania  states  that  it  uses  the  Hackensuck  system  of  plungers  and 
signals,  but  without  describing  it,  op  mentioning  a  publication  where  the  informa- 
tion can  be  obtained. 

The  Northern  of  France  has  already  abolished  or  is  shortly  about  to  abolish 
slackening  at  all  its  swing  bridges  situated  on  the  main  line,  by  providing  them  with 
an  arrangement  of  locking  and  signals,  which  has  been  planned  by  its  engineA", 
M.  Forest,  and  of  which  a  description  is  found  in  the  Itei'ue  geiiirale  des  chemiiu  de 
fcr  (March  1888,  note  by  M.  Cossmanii  on  the  line  from  Noyelles  to  Saint-Val6py). 
In  its  normal  position,  the  bridge  does  not  bear  on  ils  pivot;  it  is  fixed  solidly  and 
with  great  precision  on  resting  blocks  which  receive  it  on  the  abutments.  Il  is, 
further,  maintained  in  this  position  by  a  boll  interlocked  with  the  signals  similar  to 
those  of  a  junction.  An  appliance,  called  refardateur,  couipels  the  keeper  of  the 
bridge  lo  allow  a  certain  period  to  elapse  lietween  the  placing  of  the  signals  at 
K  danger  »  and  tlie  opening  of  the  bridge. 

Locking  and  interlocking  appliances  with  a  x  retardateur  »,  fultilling  the  same 
functions  as  the  arrangement  of  the  Northern  of  France,  have  been  contrived  by 
M,  Brunefl,  engineer  to  the  railways  of  the  Helgian  State,  and  applieil  to  the  Duffel 
bridge,  on  the  line  from  Antwerp  lo  Brussels.  {Itevue  fjSri&ale  dcs  cbemiiu  defer, 
September  1892.)  But  the  shickoiiint,'  on  passing  over  this  bridge  has  been  main- 
tained. 


Isl.  Level  . 
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It  has  been  pointed  out  in  the  replies  that  slackening  is  insisted  upon  at  certain 
level  cpossingsoccurring  where  very  busy  strei'ts  in  large  towns  meet  the  line;  it  has    i 
also  been  pointed  out  that  certain  level  crossings  are  provided  with  protecting  or  n 
warning  signals,  because  of  the  defective  view  from  the  approaches,  or  because  oC 
the  heavy  tratlii'  on  one  or  other  of  the  two  roads.     But  all  these  measures  are- not 
special  to  express  trains ;  slackening,  when  it  is  ordered  is  common  lo  all  trains  and 
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Ae  ^igoals  of  protection  exist  on  secondary  lines  as  well  as  on  tlie  lines  most  usod. 
In  general,  except  on  the  Dutch  railways  ('),  passing  over  a  level  crossing!  is  not  a 
reason  for  slackening. 

The  reply  to  this  portion  of  question  H  is  therefore  entirely  negative  :  nowhere 
need  express  trains  slacken  speed  at  level  crossings,  on  account  of  the  fact  that  they 
*re  express,  aod  their  speed  never  gives  rise  to  special  regulations. 


2ud.  Stations  run  Ihrouyh  wilkout  stopping. 

If  slackening  express  trains  is  avoided  on  nearly  all  systems  at  special  points  of 
the  line  or  permanent  way  and  at  level  crossings,  it  is  not  the  same  for  the  passing 
of  large  or  small  stations.  On  miiny  lines  the  trains  are  slackened  on  passing  over 
facing  points  whether  they  are  plunged  or  not.  The  maintenance  or  abolition  of  this 
slackening  is  particularly  interesting  on  single  lines,  where  one  facing  point  at  least 
»s  encountered  at  every  station  provided  with  a  siding  for  passing  purposes,  -that  is 
'o  Say  at  every  3  or  4  miles  (5  or  6  kilometres). 

The  stations  of  small  importance  and  the  stations  of  average  or  great  importance, 
^•11  be  considered  successively,  in  distinguishing  heUveen  the  double  and  single 
line  stations 

a)  Double  litie  !iT\TiOKS. 

It  Is  everywhere  admitted  that  stations  in  double  line  can  be  run  through  without 
»ackening  by  trains  which  do  nol  slop  there,  whatever  may  be  their  speed,  on  the 
'*'*<lilion,  cleiirly  understood  of  not  having  turn  tables  on  the  running  road. 

blithe  switches  are  arranged  to  be  trailing,  and  the  slow  trains  which  must  be 
P*s&€d  are  shunted  by  pushing  them  backwards. 

•iirecl  shunting  by  a  facing  point  is  entirely  exceptional  in  the  small  stations;  it  is 

"^Jf  justilied  by  the  advantage  of  a  more  rapid  shunting,  and  therefore  is  only  met 

^^^fc  on  sections  with  exceptional  traffic.     The  facing  point  which  leads  from  the 

^*in  line  to  a  siding  is  in  fact  like  a  junction  facing  point  not  followed  by  an 

***-«s6  crossing.    Slackening  can  therefore  be  abolished  there,  since  it  is  abolished 

^iomplete  junctions  on  certain  systems. 

^^\')  The  following  reply  of  the  Dutuh  Rnilway  Company  to  my  qucBtioii  is  particularly  BUg- 
t-^^liye  :  -  The  law  compels  us  to  redute  speed  on  nil  curves  leaving  a  radiiis  lower  than 
~J*  chains  ( 1 .000  oietrea),  on  all  gradients  more  severe  tlmn  1  in  200,  on  passing  over  facing 
^^*iit>  and  ohluae  oroaaings,  level  iTossLugs,  and  swing  bridges.  - 
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lit  ;i  rutvnt  paper,  full  oi  inlerest  ('),  M.  Flamache  lias  ptiinled  oul  llie  best 
Iheoreltcal  arrangements  to  be  adopted  in  double  line  stations  witli  the  view  of 
avoiding  slackening  speed  in  express  trains.  It  is  evidently  useful  on  lines  with  very 
heavj-  traflic,  to  arrange  the  passing  and  sbunting  roads  in  passing  stations  in  such 
away  as  to  increase  the  capacity  oTlhe  traffic  of  the  line,  and  to  free  the  local  service 
from  llie  restraints  which  the  passing  of  express  trains  entail.  But  that  does  not 
really  aU'ect  the  running  of  these  Irains,  since  it  is  everywhere  admitted  thai  small 
stations  are  run  through  at  all  speeds  without  slackening. 

It  may  also  be  observed  that  the  heaviest  lines  are  nearly  always  the  oldest  end 
that  now-a-days  no  new  lines  with  heavy  traflic  are  constructed.  The  question 
belbre  us  is,  therefore,  not  to  fi  nd  out  which  is  the  best  pattern  of  station  to  adopL 
from  the  point  of  view  of  the  running  of  express  trains  on  a  projected  line,  bul 
rather  to  consider  how  an  old  station,  generally  with  very  limited  accommodalion, 
can  be  adapted  in  the  best  possible  way,  its  enlargement  being  obstructed  by  the 
arrangement  of  the  approaches,  and  almost  always  by  contiguous  buildings.  Then* 
remain  then  some  special  cases  only,  which  belong  to  no  special  type,  and  in  which 
the  necessary  expense  plays  Ibe  leading  part. 

In  short  it  is  the  general  rule  in  double  line  stations  to  avoid  facing  points  and  to 
sacrifice  the  road  of  the  secondary  lines  to  that  of  the  main  lines,  which  are  aiTange<& 
in  plan  and  prolile  as  the  ordinary  running  line. 

By  means  of  these  simple  precautions  the  passage  of  the  fastest  trains  may  b«??s- 
allowed  without  slackening. 


^ 


b]    SI.M.LE    LINE    STA■|■|O^.S. 

The  method  of  passing  stations  is  of  ilii'  lirst  importance  on  ain>;le  lines  oez:^ 
which   express  trains   travel.      Sonus   examples  will   show  this   better   than   at 
argument. 

On  the  Northern   of   France,  the  expresses  from   Paris   li»  Trt'porl   run  ove^^ 
39  miles  (93  kilometres)  of  single  line  between  Beinvais  and  Tr^porl.     This  dis — " 
tance  is  traversed  with  only  one  intermediate  stop,  at  Eu,  near  Triiporl.     Fifleei^ 
small  or  large  stations,  of  which  three  possess  one  or  two  junctions,  are  passe(y 
without  a  stop. 

On  the  system  from  Paris  to  Orleans,  the  express  No.  30  from  Toulouse  to  Paris, 
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iideila  Coii!/r.^s  rirs  cliciniiis  d^  fo\  Novwiitiri!  ISj 


y  Oipdenac  and  Saint-Yrieix,  travels  on  a  single  line  fh>m  Toulouse  to  Nnon  for 
tO-^  miles  {358  kilomelres)  witii  a  nominal  speed  varying  from  34  to  43  l/'2  miles 
^K3  and  TO  kilometres)  an  hour,  according,'  lo  the  sections.  In  this  course,  it  runs 
Uirough  twenty-five  stations  without  stopping,  and  stops  sixteen  times.  At  twelve 
of  these  sixteen  slops  it  crosses  or  passes  other  trains,  and  of  the  four  stops  without 
crossing  two  are  situated  at  the  summit  of  long  up  gradients  where  the  engines  are 
obliged  to  take  water.  The  train  only  passess  over  one  junction  between  stations; 
all  the  other  junctions  are  situated  in  seven  more  or  less  iniporlant  stations,  where 
the  train  No.  30  meets  others  and  makes  important  connections. 

On  other  lines  of  Ihe  same  system,  the  express  No.  G07  from  Paris  to  Laqueuille 
(Mont-Uore  Station)  traverses  a  single  line  11!)  miles  (192  kilometres]  in  length 
between  Saint-Florent,  ne.ar  Bourges,  and  Laqueuille.  It  passes  seventeen  stations 
without  slopping  and  only  stops  nine  times,  of  which  eight  are  for  crossing  other 
trains.  It  only  passes  one  junction  between  stations,  the  other  junctions  being 
situated  in  large  stations. 

From  these  instances,  which  could  be  multiplied,  it  clearly  follows  that  the  abo- 
lition of  the  slackening  of  speed  at  junctions  is  of  very  secondary  importance  on 
single  lines  and  that  the  speed  of  trains  on  them  depends  especially  on  the  regula- 
tions adopted  for  running  through  stations.  It  may  even  be  said  that  an  express 
train  on  these  lines  is  only  possible  if  all  loss  of  time  is  avoided  on  passing  most  of 
the  stations. 

This  question,  it  is  true,  presents  little  interest  on  many  of  the  systems  which 

I  have  all  their  main  lines  served  bydouiilc  line  of  way  :  this  is  so  with  the  English 
Companies,  the  Belgian  State,  the  Eastern  of  France,  the  Lyons  Company,  etc. 
Bat  ii  is  not  so  everj^vhere;  in  hilly  districts  and  in  new  countries  lines  connecting 
great  centres  are  constructed  as  single  lines,  either  to  save  money  or  because  there 
I  ishut  little  except  through  trafhc.  On  these  lines,  however,  express  trains  are 
f  really  necessary- 
Wilhout  doubt,  the  primary  condition  to  fulfil,  in  order  that  trains  may  run  at 
high  speeds,  ia  to  provide  the  rail«ays  with  permanent  way  material  and  engines 
julapted  to  the  line.  That  alone  is  not  sufficient :  not  only  does  the  distance  between 
sUtions  generally  average  about  4  miles,  but  also  many  are  situated  at  the  bottom 
of  long  up  gradients.  High  speed  will  never  be  obtained,  if  trains  have  lo  slop  or 
even  slacken  at  every  station. 

In  the  passing  of  a  station  by  an  express  train  two  points  have  to  be  considered, 
■ccording  to  whether  it  crosses  or  does  not  cross  another  train. 


^ 
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Isl,  Passing  and  crDssinij  another  train. 

The  regulations  of  most  Companies  prescribe  the  stopping  of  every  train,  «li^^ 
there  is  a  crossing,  whatever  may  be  the  direction  of  the  two  trains. 

On  certain  Swiss  lines,  however,  that  of  the  GotharJ  in  particular,  the  espre- 
trains  are  allowed  to  run  through  the  crossing  station  at  a  very  reduced  speed.  \n 
without  stopping,  when  Ihe  other  train  in  an  opposite  direction  has  been  shuntc 
before  its  arrival. 

On  the  Northern  of  France,  stopping  is  compulsory  for  the  crossing  of  traii:^»3i» 
travelling  in  opposite  directions,  whilst  express  trains  can  pass  without  slopping 
slackening,  slow  trains  travelling  in  the  same  direction  and  previously  shunted.   K^  "  ' 
is  necessary  to  note  besides  that  the  passing  of  a  slow  train  on  a  single  line  scarcel-^B; 
differs,  from  the  safety  point  of  view,  from  the  passing  on  double  line,  which  ^^B^ 
nowhere  considered  as  being  a  reason  for  slackening. 

2nd.  Passing  without  crossitiii. 

It  is  everywhere  admitted  that  certain  stations  can  be  run  through  without  sto^^B| 
ping,  but  on  many  systems  slackening  is  compulsory  either  because  the  lines  a 
not  arranged  for  great  speeds,  or  because  the  trains  are  made  to  slacken  at  all  facir 
points. 

The  following  Administrations  have  done  away  with  slackening  on  certain 
their  lines,  Belgian   Stale,   Danish  State,   Pennsylvania,  Gothard,   French  StaH 
Southern  of  France  (Midi),  Northern  of  France,  Orleans. 

A  speed  of  43  1/3  miles  (TO  kilometres)  is  not  attained  on  all  these  systems,  t 
on  all  it  is  admitted  that  a  single  line  station,  conveniently  arranged,  can  be  r 
through  without  slackening  by  an  express  or  fast  train. 

On  the  tiothard,  howcveri  a  slight  reduction  of  speed  is  prescribed,  varying   a'   , 
ditferent  stations,  according  to  the  section. 

In  order  to  avoid  slackening  the  first  necessary  condition  is  to  establish  in  tie 
station  a  direct  line;  in  place  of  arranging  two  lines  similar  as  lo  track  and  tn- 
versed,  one  by  all  irains  in  one  direction  and  the  other  by  trains  in  the  opposite 
direction,  one  main  line  is  established  and  one  loop.  The  main,  or  direct  line,  a 
designed  in  plan  and  profile  as  the  ordinary  running  line,  and  it  is  traversed  hy 
trains  in  both  directions,  slopping  or  not,  every  time  that  there  is  no  crossing  of 
trains.  The  slraighlness  of  the  loop  which  is  only  used  for  trains  crossing  one 
another  is  sacrthced  for  the  benefit  of  the  through  line. 
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In  the  stations  for  taking  water,  this  plan  is  followed  without  alteration,  if  the 
^^jains  in  both  directions  can  be  supplied  on  the  through  line.  It  is  necessary  on 
"l^he  contrary,  to  allow  a  modification  of  the  plan  when  the  through  line  is  provided 
only  with  one  water  appliance. 

A  second  arrangement,  equally  general,  consists  in  using  a  plunger  at  all  facing 
[points. 

With  regard  to  the  other  arrangements  adopted,  the  greatest  variety  is  pre- 
sented. In  one  place  the  plunger  of  the  facing  points  is  kept  in  its  place  by  a 
lever  independent  of  the  switches,  without  connection  with  the  advance  signals. 
(Northern  and  Southern  of  France,  Orleans  Company).  The  plunger  is  accompanied, 
or  not,  by  auxiliary  signals  and  the  locking  of  its  lever  varies  on  different  systems, 
^t  another  place  the  switch  is  worked  and  plunged  at  a  distance,  by  rigid  connec- 
^ons,  wire  or  hydraulic  and  by  a  single  lever,  or  by  two  levers.  Elsewhere,  the 
switch,  worked  on  the  spot,  is  plunged  at  a  distance,  mechanically  or  electrically. 

When  the  plunger  is  worked  on  the  spot,  it  necessitates  a  pointsman  for  each 
switch  for  all  the  crossings.  Staff  is  economised  when  the  levers  are  concentrated 
5.n  the  centre  of  the  station;  but  the  connections  are  expensive  and  the  distance  of 
^he  appliances  worked  compels  the  switches  to  be  interlocked  with  the  signals. 

These  interlocking  cabins  at  the  centre  of  small  stations  are  especially  frequent 
in  Austria  and  Switzerland. 

Information  too  brief  for  description  and  classification  has  been  received  on  all 
T-hese  arrangements.  Their  extreme  variety  is  easily  explained.  The  signals  and 
interlockings  are  in  fact  merely  a  method  of  carrying  out  by  mechanical  means  the 
"V'orking  regulations  (^),  and  these  vary  not  only  in  different  States,  but  on  adjoin- 
ing systems. 

The  conditions  for  accepting  and  allowing  trains  to  pass  in  single  line  stations 
"vvill  certainly  be  a  very  interesting  subject  to  investigate;  but  the  appliances 
employed  in  each  case  only  play  an  accessory  part  :  the  essential  part  belongs  to 
the  working  regulations.  This  question  will  be  taken  up  therefore  in  the  3rd  sec- 
tion of  the  Congress. 

C)   IMPORTANT   STATIONS. 

In  middling  sized,  or  large  stations  facing  points  cannot  be  avoided,  and  the 

(')  This  aspect  of  the  question  has  been  specially  brought  forward  by  M.  Bri^re,  engineer  in 
chief  of  the  Orleans  Company,  in  a  note  on  the  appliances  employed  for  working  at  a  distance, 
used  by  that  Company.  (Revue  ffdndrale  des  chemvisde  fer,  October,  1889.) 


dislniclion  between  Ihe  single  and  double  line  loses  its  interest  from  the  point  of 
view  under  considerations. 

Moreover,  the  conditions  to  be  fulfilled,  for  avoiding  llie  slaclicning  of  express 
trains  in  these  stations  are  so  intricate  that  no  absolute  rules  can  be  applied. 

Ou  a  given  system  no  two  stations  are  found,  even  secondary  stations,  which  are 
really  comparable.  Much  more  do  the  divergencies  increase  when  the  system  and 
coimtry  are  changed. 

It  may  weil  be  said  that  lines  intended  for  the  running  of  expresses  must  be 
designed  and  laid  down  as  between  statiouii.  and  that  too  many  permanent  way 
appliances  as  well  as  signals  must  be  avoided.  But  these  conditions  are  both  too 
obvious  and  too  vague  to  be  of  any  use  whatever.  Each  station  has  its  own  physiog- 
nomy; the  study  of  its  handling  exacts  great  experience  in  these  kinds  of  projects, 
a  profound  knowledge  of  the  regulations  and  routine  of  its  working  and  a  tliorout;h 
understanding  of  local  arrangements.  The  engineer  who  does  not  combine  these 
qualities  will  come  to  grief  in  his  undertaking,  and  he  who  possesses  them  is  not 
in  want  of  general  principles. 

3rd.  Privalf  sidings. 

Only  branches  li.>  manufactories,  quarries,  or  work-yards,  behveen  stations,  will 
ijc  considered  here. 

On  double  lines  connections  are  always  made  with  trailing  points  and  entry,  or 
departure  effected  by  backing. 

On  single  lines  Ihe  facing  point  is  inevitable  and  is  plunged. 

The  main  lini's  are  protected  against  the  siding  eilher  by  a  scotch  block,  a  sig:nal, 
or  a  safety  switch.  Signals,  scotch  blocks,  and  switches  are  jjenerally  interlocked. 
In  France  the  interlocking  is  compulsory. 

Two  conditions  may  be  met  with. 

If  trains  are  allowed  to  be  shunted  on  to  the  siding,  for  the  purpose  of  being 
passed  by  other  trains,  the  working  of  the  siding  is  entirely  similar  to  that  of  a  sta- 
tion arranged  for  shunting  a  Ir.iiu,  and  safety  appliances  for  the  passing  and 
blocking  which  exist  at  other  stations  of  the  line,  canmit  be  dispensed  with, 
A  permanent  pointsman  is  also  usually  provided  at  these  sidings. 

If  the  service  of  the  siding  is  carried  out  by  through  trains,  which  do  not  shuot 
there,  it  is  sufficient  to  protect  the  working  by  signals.     Most  sidings  of  this  kind 
are  usually  unattended  except  while  shunting  is  going  on,  and,  ihe  signal 
switch  appliances  remain  locked. 
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Double  line  sidings  are  everywhere  run  over  witlioul  slackening.  Some  tom- 
panies  on  Ilic  contrary,  insist  upon  slackening  at  the  passage  or  single  line  sidings; 
namely  those  which  make  trains  slacken  speed  at  all  facing  points  whether  they  are 
plunged  or  not. 

I  have  heard  of  an  interesting  arrangement  in  common  use  in  England  on  staff- 
worked  single  lines.  The  switch  al  the  siding  is  locked  and  the  key  is  6xed  to  the 
staff.  As  in  the  Annett  lock  the  key  cannot  he  separated  from  the  lock  until  the 
switch  is  fixed  in  its  normal  position. 

CONCLUSIONS. 

In  conclusion,  slackening  at  special  points  of  the  line  is  never  caused  by  insulfi- 
tAency  of  the  appliances  with  which  they  are  provided;  the  system  adopted  on  each 
line  depends  especially  on  the  administrative  regulations,  on  the  customs  of  the 
working  Administration,  and  on  the  necessities  of  the  tratlic. 

Thus,  the  Northern  of  France  whilst  only  using  wellknown  arrangement,  avoids 
slon-ing  down  at  all  permanent  way  fittings,  including  swing  bridges,  and  the 
passage  of  single  lines  stations,  even  when  an  express  train  passes  a  slow  train 
there;  whilst  on  the  Uulch  lines  whose  road  is  as  favourable  as  that  ol  the  Northern 
of  France,  whose  permanent  way  is  as  strong,  and  whose  safely  appliances  offer  as 
much  security  the  law  requires  trains  to  slacken  on  curves  with  radii  lower  than 
JJO  chains  (1,000  metres)  on  down  gradients  steeper  than  1  in  200  (5  millimetres),  at 
level  crossings,  at  swing  bridges,  at  facing  points  and  at  obtuse  crossings. 
I  propose  to  draw  up  the  conclusions  of  question  II  as  follows  : 
«  Gradients  and  eKcepllonal  curves  where  ihcy  arc  run  over  without  slackening 
■re  not  specially  strengthened. 

«  Most  Administrations  allow  express  trains  Id  pass  at  full  speed  permanent 
way  appliances,  level  crossings,  private  sidings,  and  double  line  stations,  without 
recourse  lo  other  means  than  those  which  are  used  for  ordinary  trains. 

Passing  through  single  line  stations  without  slackening  is  allowed  on  a  fairly 
lar^e  number  of  lines  :  very  varied  contrivances  which  are  adopted  for  this  purpose, 
depend  i-ssentially  on  the  working  regulations  peculiar  to  each  Administration,  and 
numerous  equally  satisfactory  technical  arrangements  arc  found  suitable. 

<c  Some  Administrations  allow  trains  to  pass  over  swing  bridges  at  full  speed.  » 

Paris,  ISthFelinianr  lHU.->. 
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APPENDIX. 


Detailed  list  of  qnestionB. 


I.  —  PLACES  ON  THE  LINE  REQUIRING  SPECLVL  ATTENTION. 

EXCEPTIONAL   CURVES   AND   GRADIENTS. 

1.  —  What  is  the  least  normal  radius?  What  is  the  steepest  fiormal  gradient  on  the  lines 
your  system  which  are  passed  over  by  expresses? 

2.  —  What  are  the  radii  lower  than  the  least  normal?    What  are  the  gradients  (and  th^^ 
length)  steeper  than  the  normal  gradients  which  are  met  with  exceptionally  on  these  lines, 
which  are  passed  over  without  slackening  speed  ? 

3.  —  Describe  the  processes  used  to  strengthen  the  line,  or  to  protect  the  passage  of  t 
trains  over  exceptional  places  :  local  strengthening  of  the  rails  and  fish-joints ;  strengthening 
the  attachments  to  the  sleepers  or  longitudinals;  increase  of  the  number  or  the  size  of 
sleepers ;  strengthening  the  line  by  small  retaining  walls,  or  by  other  means  of  obtaining 
resistance ;  check  rails. 

4.  —  What  is  the  weight,  and  what  is  the  speed  of  expresses  which  pass  over  these  exc^^ 
tional  places? 

5.  —  What  are  the  types  of  the  engines  and  vehicles  of  which  these  trains  are  composed  ? 

6.  —  On  a  line  passed  over  without  slackening  speed,  what  rules  are  made  to  fix  the  great 
authorized  speed,  taking  into  account  the  composition  of  the  trains  and  the  profile  of  the  line? 

7.  —  Is  the  speed  of  the  trains  over  exceptional  curves  and  gradients  registered  by  a  fixed 
portable  apparatus  placed  on  the  line  ?     By  indicators  fixed  on  the  engines? 

II.  —  POINTS  AND  RAIL-CROSSINGS. 
A.  —  Arrangkment  of  thk  appliances  themselves. 

Jf  the  answers  coiicernin^f  these  appliances  have  been  given  in  reply  to  Question  III. 

(Junctions],  please  sum  ihem  up  in  a  few  words.) 

8.  —  Do  you  use  a  diff*erent  arranjrement  for  these  appliances,  according  as  they  are,  or 
not,  passed  over  by  expresses  without  slackening  speed?     What  are  the  diflbrences  ?     W* 

systems,  in  particular,  have  you  used  or  tested  to  avoid  or  diminish  the  shocks  caused  by  passi  ^ 
over  the  points,  crossinj^  and  rail  crossings  ? 

9.  —  What  kind  of  safety  appliances  do  you  use  for  facing  points  which  are  passed  ox'^ 
without  slackening  speed?  Are  these  appliances  always  in  conjunction  with  a  point  lock? .  ^ 
what  type  are  these  locks  i 
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B.  —  Accessory  arrangements. 

CX  n  the  description  of  the  accessory  arrangements,  distinguish  between  those  which  are  specified  by  government 

regulations  and  those  which  are  due  to  the  initiative  of  the  working  company.) 

1  O.  —  What  is  the  rule  as  to  trailing  points?     Are  they  locked?     How   is  their  lever 
.nged  ? 

11.  —  Isolated  facing  points  to  private  branches,  ballast  pits,  etc.  —  What  is  the  rule  as  to 
signals  protecting  these  points?     Are  they  considered  as  isolated  obstacles  or  as  a  junction? 

they  permanently  watched  ?     At  what  distance  from  the  switch  is  the  signal  placed  which 
^^^^Is  for  a  stop  or  the  slackening  of  speed  when  this  switch  is  unlocked? 

12.  —  Passing  Loops  at  Shigle-Line  Stations,  —  How  is  the  line  laid  out  from  the  points? 

^^^liat  provisions  are  made  for  the  locking  of  the  points  and  the  interlocking  with  the  station 

^I^imJs?     Is  the  train  approaching  the  points  in  the  facing  direction  without  slackening  speed 

'^^'^rned  by  a  special  signal  of  the  position  of  the  points  and  their  locking  ?    At  what  distance  is 

^^is  signal  from  the  points?    What  arrangements  exist  in  view  of  preventing  the  breakage  of 

^^e    appliances  by  a  train  happening  to  travel  wrong  road,  or  to  indicate  this  breakage  if  it 

^^Oiurs?     Do  you  allow  an  express  to  pass  in  the  stations  without  slackening  speed  a  train  going 

**i  the  same  or  opposite  direction  which  has  been  previously  shunted  clear  of  the  line  on  which 

^^c  express  is  travelling? 

J  3.  —  Facing  points  and  rail-crossings  in  the  large  stations.     Have  you  special  provisions 
*^^lier  than  the  locking  of  the  points  and  the  interlocking  with  the  signals? 

m.  —  SWING  BRIDGES. 

J  -4.  —  Have  you  any  swing  bridges  passed  over  by  expresses  without  slackening  speed?     How 
^^y  trains  pass  over  them,  and  how  many  times  are  they  opened  in  24  hours  ? 

*S.  —  Describe  sunmiarily  these  bridges  and  the  special  provisions  taken  to  wedge  them  and 
Protect  them  by  signals. 

*  C  — •  What  government  regulations  are  specified  for  the  protection  of  these  works  when 
-^  are  passed  over  without  slackening  speed? 

IV.  -  ROAD-CROSSINGS. 

*'7.  —  Are  the  road-crossings  on  your  system  ever  a  cause  of  the  trains  slackening  speed? 

^  S.  —  Do  special  provisions  exist  in  regard  to  the  line,  the  gates,  the  systems  of  indication  or 
tion,  for  the  sole  purpose  of  avoiding  the  necessity  of  expresses  slackening  speed  at  the 
-crossings? 

^  ^.  —  Is  the  avoidance  of  this  slackening  made  the  object  of  special  rules  in  the  regulation 
*X3ad-cro8sings ?    Is  it  required  that  the  crossings  be  guarded  by  men,  and  by  night  as  well 

V^^  day? 

V.  —  MISCELLANEOUS. 

^O.  —  Beyond  the  places  requiring  special  attention  enumerated  above,   do  others  exist 
*^ch  have  called  for  the  use  of  exceptional  means  for  avoiding  the  necessity  of  expresses 
*^<53teninfl:  speed? 
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SECTIONAL   DISCUSSION 


July  2,  1895,  1.30  p.  m. 

Mr.  JE1TTELE8,  President,  in  the  chair. 

Mr.  Sabouret,  reportet\  (In  French.)  —  At  first  sight  the  question  we  have  to  discuss 
seems  to  be  purely  technical.  One  would  naturally  suppose  that  the  Administrations 
which  have  abolished  slackening  at  all  these  special  points  must  have  had  recourse  to 
more  or  less  ingenious  and  effective  expedients  for  giving  to  these  weak  points  a 
strength  equal  to  that  of  the  ordinary  running  road.  The  facts  however  are  not 
so.     In  reality  the  question  is  less  technical  than  it  appears. 

There  is  one  conclusion  that  forces  itself  on  the  mind  of  those  who  read  the  very 
numerous  communications  that  have  been  kindly  forwarded  me  from  all  quarters. 

It  is  this  : —  *'  The  abolition  of  slackening  at  special  points  is  rather  the  result  of 
a  determination  to  abolish  it  than  of  any  measures  taki^n  to  strengthen  these 
points.  "  The  abolition  of  slackening,  like  the  increase  of  the  speed  of  trains,  has 
its  origin  in  countries  where  energj'  is  honoured,  where  the  travelling  public 
appreciates  the  value  of  time  and  the  railways  yield  to  a  public  demand.  Fast 
expresses  naturally  imply  passing  ovor  special  i>oints  at  high  speed.  There  are  no 
very  new  and  complicated  arrangements  made  for  the  abolition  of  slackenings. 
The  machinery  for  strengthening  and  protecting  the  so-called  special  i>oints  is  very 
much  the  same  on  the  railway  systems  which  abolish  slackening  as  on  the  systems 
which  maintain  them. 

The  progressive  temperament,  the  rashness  if  you  choose  so  to  call  it,  of  the 
management,  whether  it  be  that  it  leads  or  that  it  follows  public  opinion,  has  much 
more  to  do  with  abolishing  slacks  than  the  most  elaborate  technical  organisation  in 
the  world.  People  who  choose  to  run  fast  are  not  likely  to  be  stoppe^l  by  the 
weakness  of  special  points  in  the  road  and  will  easily  get  over  the  difficulty  that 
they  cause.  Those  on  the  other  hand  who  think  it  wiser  to  hasten  slowly,  only  half 
regret  to  be  obliged  to  slacken.  The  railway  —  we  will  not  call  it  timid  but  only 
prudent  —  which  naturally  dislikes  high  speed,  calms  its  conscience  by  interspersing 
its  staff  regulations  with  wise  counsels  and  placarding  its  road  with  notices  to  reduce 
speed.  But  for  all  that  it  no  more  neglects  to  strengthen  the  weak  points  in  its  road 
than  its  rasher  neighbour. 

We  have  got  therefore  a  lonj,'  way  away  from    the  technical  cliaractcr  that 
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<}ucstion  II  seemed  to  bear  at  the  outset.  You  will  however  forgive  me  for  this 
I>ossib]y  ovcrlong  preface,  as  it  enables  me  to  cut  my  report  exceedingly  short  by 
taking  all  real  interest  out  of  the  question  of  the  various  means  employed  in  practice 
to  avoid  slacks  at  special  points. 

Let  us  examine  the  question  in  detail  in  the  order  adopted  by  the  report.  Apart  from 
junctions  at  stations,  the  special  points  likely  to  cause  slacks  fall  under  three  heads: — 

1'^  Special  points  in  the  profile  of  the  road,  that  is  to  say  exceptional  gradients 
and  curves; 

2'"*  Special  points  in  the  permanent  way,  that  is  to  say  switches,  rail  crossings  and 
swing  bridges; 

S*^''  Special  traffic  points^  that  is  to  say  road  crossings,  stations  and  station  yards 
and  junctions  with  private  sidings. 

1.  —  Special  points  in  the  profile. 

Properly  speaking,  curves  and  gradients  are  not  special  points  at  all.  One  cannot 
conceive  a  line  perfectly  straight  and  level.  But  what  is  an  exceptional  curve  or 
gradient  ?  A  curve  or  a  gradient  which  is  exceptional  on  one  line  occurs  constantly 
on  another.  Accordingly  the  means  of  strengthening  are  the  same  for  exceptional 
curves  and  gradients  as  for  ordinary  curves  and  gradients.  But  this  is  the  subject 
of  Question  I. 

As  for  gradients,  a  down  gradient  is  in  itself  no  obstacle  to  speed.  If  a  train  is 
run  slow  down  a  long  bank,  the  real  reason  is  the  lack  of  suflicient  brake  power  and 
the  fear  that  a  driver  should  lose  control  of  his  train.  No  one  has  ever  suggested  the 
idea  that  the  road  on  a  steep  gradient  must  be  strengthened  to  allow  of  fast  running. 
1  would  mention  here  more  particularly  the  reply  sent  by  the  Northern  Railway  of 
France  which  on  a  long  bank  of  1  in  74  (13*5  millimetres  per  metre)  on  the  Treport 
line  has  no  limit  of  speed  except  tliat  naturally  imposed  by  the  type  of  engine. 

A  sliarp  curve  evidently  checks  speed  more  than  gradients.  Mr.  Ast  in  his  report 
on  Question  1  mentions  nunuTOus  methods  suggested  for  strengthening  the  road 
round  curves.  It  is  not  necessary  to  recall  them  liere.  But  there  are  two  methods 
described  by  English  Companies  which  do  not  appear  in  Mr.  Ast*s  report.  The  first 
consists  in  the  employment  of  a  guard  rail,  the  second  in  fastening  together  thctwo 
parallel  roads  with  cross-ties  or  transoms.  That  a  guard  rail  on  the  inner  side  of  a 
curve  is  constantly  employed  by  the  English  Companies  we  have  had  frequent  oppor- 
tunities of  observing  in  our  recent  excursions.  Now  it  is  very  little  in  favour  on  the 
Continent.  It  would  he  interesting  to  learn  from  the  English  engineers  what  value 
they  attach  to  this  method  of  strengthening  the  road.  One  might  object  to  it  on  the 
one  hand  that  it  is  somewhat  costly,  on  the  other  that  hard  stones  and  articles  falling 
from  the  trains  may  wedge  themselves  in  the  intermediate  space  and  so  increase  the 
chance  of  derailment.  Presumably,  however,  this  objection  is  only  theoretical,  as  it 
does  not  deter  the  English. 
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To  sum  upy  except  for  the  addition  of  a  guard  rail  and  the  tying  togctlier  of  two 
parallel  roads  which  exist  at  certain  points  in  England,  we  do  not  find  any  means  for 
strengthening  the  road  so  as  to  prevent  slacks  on  curves  and  steep  gradients  other 
than  those  made  use  of  on  ordinary  open  line  and  discussed  under  the  head  of 
Question  1. 

II.  —  Special  points  in  permaxkxt  way. 

Let  us  consider  separately  switches  and  other  similar  points  belonging  to  the  road 
proper  and  swing  bridges. 

a)  Points  and  crossings  propei\  —  Points  and  crossings  are  sometimes  passed  at 
full  speed.  But  a  double  line  junction  is  impossible  without  them.  Their  consi- 
deration therefore  naturally  belongs  to  Question  HI,  which  deals  with  the  abolition 
of  slacks  at  junctions.  At  the  same  time  I  should  like  here  to  make  one  remark  of  a 
general  character.  The  replies  of  all  Companies  declare  that  they  are  satistied  with 
their  arrangements  under  this  head,  and  that  these  arrangements  are  the  snme  on 
their  express  as  on  their  ordinary  lines.  One  cannot  however  fail  to  notice  that  in 
running  over  points  and  crossings  at  full  speed  one  is  very  much  worse  shaken  on 
one  railway  system  than  on  another.  It  is  clear  that  on  the  whole  the  best  result 
is  obtained  in  England.  The  running  at  full  speed  without  oscillation  or  shock 
through  great  stations  and  yards  crowded  with  points  and  sidings  is,  to  an  engincH^r 
'who  visits  this  country  for  the  first  time,  a  most  remarkable  experience.  As  I  have' 
stated  in  my  report,  this  is  due  to  two  causes,  the  first,  the  construction  of  the  run- 
ning road  itself,  and  the  second,  the  special  organisation  for  constructing  and  laying 
in  the  points.  - 

The  bull-headed  rail  weighing  from  80  to  90  lbs  a  yard  (40  to  45  kilograms  per 
metre)  lends  itself  admirably  both  by  its  shape  and  its  rigidity  to  the  construetibh' 
of  point  rails,  noses  of  acute  and  obtuse  cn^sings  and  wing  rails.  On  tFie  othei^ 
hand,  the  use  of  pine  sleepers  of  large  section  enables  these  points  to-be  laid  on' 
supports  that  are  both  long,  broad  and  perfectly  steady  and  true  Finally,  all  the 
Sreat  systems  have  a  special  staff,  with  drawing  otiice  and  shops,  foridl^^ignrng,  con<^ 
sstructing  and  laying  these  Special  portions  of  road.  .jj;.;:.       i 

To  sum  up,  one  may  say  that  it  is  pretty  generally  admitted  that  iihossings  whcire ' 
the  facing  points  are  lo<'ked,  do  not  in  themselves  constitute  tiny- weakness  in  the  • 
sx)ad,  and  are  run  over  at  full  speed  unless  the  safety  of  th6  traffic  oh  IhorMds 
^x)nnected  by  the  crossing  requires  a  slack.  .•     •  .    .    i  ;'    . 

b)  Swing-bridges,  —  Swing-bridges  are  less  interesting  bebaufee' tHey-  arc  Idss 
^^emnion.  Two  Companies  report  that  they  allow  full  Speed  ov^r  blridg(ys,the  Penn- 
sylvania which  uses  the  Hackensack  apparatus  and  the  Northern  of  Fr<\hco  usirif^ 
^he  Forest  apparatus.     I  have  no  information  as  tolh^  Hackfensabk  appinratus.'  '• 

The  Forest  apparatus  consists  of  a  locking  boR  and'ti  inechanrshfi  calltKl  a  **'k*etur- 
^ateur,  "  so  slotted  with  the  signals  as  to  oblige  tht<l>ridge  kcej[^  to'%illo<4-rt  certain 
inten'al  to  elapse  between  the  placing  of  thd  sfign^ls  at  danger  add  the  opening  Vif 
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tlie  bridge.  At  tlie  Ihilfol  bridge,  on  the  Belgian  State  Railways,  there  is  a  simihir 
combination  of  locking  bolts,  signals  and  '*  retardateur  '*,  but  the  trains  continue  to 
slacken  for  all  that.  Here  is  a  fresh  instance  of  what  I  said  at  the  comniencement, 
that  with  precisely  similar  appliances  one  Company  abolishes  slacks  and  another 
docs  not. 

III.  —  Sl'F,<:iAL  THAKFIC   POINTS. 

a)  lload  a'ossinys.  —  As  a  general  rule,  —  the  railways  of  Holland,  whore  tlic  law 
compels  a  reduction  of  speed,  are  an  exception,  —  level  crossings  never  oblige 
express  trains  to  slacken  simply  because  they  are  express.  At  certain  level  crossings 
which  are  badly  situated  there  are  no  doubt  slacks,  but  in  this  case  all  trains  alike 
slacken,  express  or  ordinary-. 

bi  Hoadside  stations.  —  I  hesitate  to  touch  on  this  point,  for  stations  and  station 
yards  are  not  included  as  special  points  in  the  wording  of  Uuestion  II.  Moreover 
the  subj<'.ct  is  one  that  concerns  the  traffic  rather  than  the  engineering  department, 
and  sliould  naturally  belong  to  the  3"'  Section.  Still  a  few  words  may  be  usefully 
said  here.     Roadside  stations  may  be  divided  into  : — 

1^'  Tnimportant  stations  on  double  road;  2"''  Unimportant  stations  on  single 
road ;  3"*'  Important  stations  whether  on  single  or  double  road. 

1'*  I'nimportmit  stations  on  double  road.  —  One  may  say  in  general  that  these  are 
passed  at  full  speed,  provided  the  through  road  has  only  trailing  points. 

The  custom  is  to  lay  out  the  through  road  straight  through  the  station,  and  for 
that  purpose  to  make  any  necessary  sacrifices  in  the  curves  and  gradients  of  the 
connecting  lines. 

2'"'  I'nimportant  stations  on  simjle  road.  —  This  is  a  very  interesting  question. 
Stations  are  usually  only  i  or  11  miles  apart,  and  evidently  no  good  inclusive  speed 
can  Ix^  attained  if  slacks  at  stations  are  insisted  on.  Many  (k)mpanies  accordingly 
dispenses  with  slackening.  Various  methods  are  adopted.  But  we  may  say  that 
the  universal  (*ustoni  is  to  work  the  express  on  a  through  road  which  is  the  ssmie 
for  the  non-stopping  trains  in  each  direction  and  has  its  curves  no  worse  than  the 
TcA  of  the  running  road.  The  passing  loop  is  sacriflced  entirely  to  the  through 
line  and  accordingly  is  entered  by  a  sharp  turn  out  at  either  end.  Apart  from  this 
ficneral  rule,  the  means  employed  by  the  Companies  to  increase  the  safety  of  non- 
slopping  trains  through  stations  vary  immensely. 

Certain  (Companies  lock  all  switches  taken  facing  and  the  bolts  are  worked  either 
from  the  ground  or  from  a  distana*.  In  Switzerland  and  Austria,  the  point  levers 
arc  concentratiHl  in  tin*  middle  of  the  station  and  are  required  to  be  interlo(.*ked 
with  the  signals. 

When  I  spoke  above  of  an  express  running  through  a  station  on  a  single  line, 
I  \Nas  considering  the  case  where  there  was  no  train  to  be  crossed  at  that  station. 

Few  Com[>anies  permit  an  express  on  a  single  line  to  cross  a  second  train,  even 
though   it   has  been  placed    in  the  loop  heforehaiul,  without  slackening  speed. 
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Usually  the  expresses  when  Ihey  either  cross  or  overtake  another  train  arc*,  required 
to  stop.  Tlie  Danish  Stale  Railways  report  tliat  their  expresses  are  not  required  to 
slop  to  cross  a  train  already  in  the  loop,  but  that  they  must  run  slow  through  the 
station.  On  the  Northern  of  Franee, an  express  on  a  single  line  may  run  at  full  speed 
if  the  train  which  il  has  to  pass  is  travelling  in  the  same  direction,  but  in  the  case  of 
crossings  proper  slackening  is  compulsory. 

Lastly  the  Midi  allows  an  express  to  cross  at  full  speed  a  train  already  |)laced  in 
the  loop  whether  meeting  it  or  going  in  the  same  direction,  and  it  |K'rmits  this 
without  feeling  bound  either  to  lock  the  facing  points  or  to  interlock  the  signals. 

3^  Important  stations.  —  For  these  it  is  impossible  to  formulate  any  general  rule. 
One  can. only  say  that  on  most  continental  systems,  trains  are  rex|uired  to  slacken 
through  passenger  stations  of  any  importance.  There  are  certainly  exceptions  to 
the  rule,  but  the  regulations  laid  down  in  these  instances  to  avoid  the  necessity  ot 
expresses  slackening  are  too  complex  for  any  generalisation  to  be  possible. 

It  is  however  a  clear  principle  that  the  roads  along  which  the  expresses  run  must 
be  laid  out  as  straight  and  as  clear  as  possible  from  points  and  crossings  and  with 
as  few  signals  as  may  be. 

c)  Private  sidings.  —  When  the  siding  is  connected  with  a  double  n)ad,  the  points 
are  always  arranged  in  the  trailing  direction,  and  trains  are  backed  in  and  out.  In 
this  way,  the  necessity  for  slackening  at  the  siding  points  is  got  rid  of.  Where  the 
road  is  single  and  facing  points  are  accordingly  unavoidable  they  are  locked.  Rut 
even  then  some  Companies  require  trains  to  slack  in  passing  over  them. 

I  may  summarise  by  saying  that  slackening  at  special  points  is  never  the  conse- 
quence of  the  inadequacy  of  the  materials  at  command.  The  actual  practice  of  each 
line  depends  upon  idiosyncrasies  of  the  individual  Company,  the  nec^'ssities  of  its 
traffic  and  even  more  on  the  regulations  laid  down  by  the  Government. 

For  example,  on  the  Northern  of  France,  with  quite  ordinary  appliances  there  is 
no  slackening  at  points  or  at  swing  bridges  or  in  passing  through  stations  in  single 
line,  not  even  where  the  fast  train  over-runs  a  slow  one.  On  the  other  hand,  on 
the  Dutch  lines  with  no  worse  cun^es  and  gradients,  with  an  equally  good  permanent 
way  and  with  points  and  crossings  equally  well  made  and  maintained,  the  law 
requires  trains  to  slack  on  curves  of  less  than  50  chains  (1,000  metres)  radius,  on 
Crsdients  worse  than  1  in  200  (5  millimetres),  at  road  crossings,  at  swing-bridges, 
at  facing  points  and  at  rail  crossings. 

It  is  therefore  almost  impossible  to  formulate  conclusions  which  shall  not  Ix: 
raere  platitudes.  Truth  in  railway  matters  is  re<)ched  by  so  many  different  roads 
that  one  cannot  describe  anv  of  them  as  the  onlv  direct  road. 

Here  is  what  I  suggest  : — 

'*  Gradients  and  exceptional  curves  where  they  are  run  over  without  slackening 
*'  are  not  sp<Hrially  strengthened. 
'*  Most  Administrations  allow  express  trains  to  pass  at  full  speed,  points  and 


II 

26 

*'  crossings,  road  crossings,  private  sidings  and  double  line  stations,  without 
'*  recourse  to  other  means  than  those  which  are  used  for  ordinary  traffic. 

''  Passing  through  single  line  stations  without  slackening  is  allowed  on  a  fairly 
**  large  number  of  lines.  Very  various  methods  are  adopted;  the  matter  is  one 
''  mainly  of  traffic  regulation  which  each  Administration  must  settle  for  itself,  and 
'*  as  for  the  mechanical  and  engineering  appliances  required  to  carry  out  the  system 
'*  in  force  there  are  many,  all  equally  satisfactory. 

**  Some  Administrations  allow  trains  to  pass  over  swing-bridges  at  full  speed.  " 
iApplavse, 

The  President.  —  (ientlemen,  it  seems  useless  to  begin  a  general  discussion.  The 
section  can  commence  at  once  the  consideration  of  the  conclusions  suggested  by 
the  reporter. 

Mr.  Bmneel,  Belgian  Stale  Railways.  (In  French.)  —  The  question  on  which 
Mr.  Sabouret  has  reported  is  a 'child  of  my  own,  at  least  by  adoption.  It  was  on  the 
programme  of  the  Congress  at  St.  Petersburg,  and  the  late  Sir  George  Findlay  then 
reporli'd  on  it.  But  as  1  pointed  out  at  the  time,  the  question  which  Sir  (ieorge 
discussed  was  not  exactly  that  set  down  for  discussion,  probably  owing  to  an  error 
in  the  translation  of  the  text.  Seeing  that  the  question  as  it  was  proposed  by  the 
International  Commission  was  in  my  judgement  of  very  great  interest,  more  particu- 
larly for  the  Belgian  State  lines,  1  ventured  to  suggest  that  it  should  be  set  down 
again  for  this  present  session  and  my  suggestion  was  acted  upon.  You  will  therefore 
forgive  me  if  I  say  a  few  words  in  defence  of  my  child,  and  point  out  briefly  that, 
contrary  to  wliat  the  reporter  tliinks,  this  question  has  for  certain  railways  very 
gre^l  practical  interest. 

In  Bel^^iuni  there  are  on  the  State  lines  a  large,  —  1  may  say  too  large  a  —  number 
of  points  wliere  slackening  is  obligatory.  Now  the  question  of  increasing  the  spee<l 
of  trains  has  been  with  us  an  exc(»edingly  pressing  one  for  some  years  past  and  wo 
are  making  steady  progress  in  this  direction.  Belgium  you  must  remember  is 
crossed  by  several  main  highways  of  international  communication  and  competition, 
therefore  lias  mon*  force  in  compelling  an  increase  of  s[)eed  than  on  other  conti- 
nental systems.  But  the  grounds  for  slackening  speed  are  with  us  still  ver\ 
numerous  and  very  seriously  affect  the  running  of  our  best  trains. 

A  word  first  as  to  facing  points.  The  reporter  has  stated  that  everywhere 
slackrning  has  been  abolished  over  facing  points  where  the  line  is  straight  or  on 
a  curve  of  large  radius,  lie  should  have  said  *'  almost  everywhere  **  for  the  Belgian 
Slate  is  an  exception  to  the  rule.  Facu  on  our  international  lines,  trains  have 
to  slack  to  il't  miles  40  kilometres)  an  hour  over  facing  points  in  stations  or  at 
junctions. 

The  only  exceptions  made  an*  in  favour  of  royal  specials,  the  international 
expressrs  and  two  or  three  local  expresses  which  are  allowed  to  run  over  facing 
poinls  at  'M  miles   00  kilometres^  an  hour,  where  the  roail  is  either  straight  or  on 
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a  curve  of  at  least  100  chains  (2,000  metres)  radius.  But  in  every  case  the  speed  is 
limited  to  37  miles  (60  kilometres).  I  may  add  that  precisely  the  same  rules  apply  to 
points  run  over  in  the  trailing  direction.  Is  there  really  any  obligation  to  maintain 
such  a  regulation,  or  ought  we  not  rather  to  follow  the  example  that  so  many  Com- 
panies have  set  us?  This  is  one  of  the  points  that  I  should  like  to  hear  discussed. 

Swing-bridges  are  another  c^use  of  slackening.  There  is  only  one  in  England 
so  far  as  I  know,  and  in  France  also  they  are,  I  believe,  exceedingly  rare.  In  Bel- 
gium^  on  the  contrary,  in  the  flat  districts  of  the  country  there  are  a  number,  even 
on  the  most  important  international  lines.  For  example  on  the  line  between 
Brussels  and  Ostend  there  are  still  five,  some  of  which  however  will  shortly  be  got 
rid  of.  On  the  line  between  Brussels  and  the  Dutch  frontier  via  Antwerp,  there  are 
three.  On  the  line  between  Brussels  and  the  German  frontier  by  Lidge  there 
is  yet  another  —  this  time  over  a  ship  canal.  Evidently  the  obligation  to  reduce 
speed  on  all  trains,  even  the  fastest  expresses,  to  23  miles  (iO  kilometres)  an  hour 
in  passing  over  these  bridges  is  a  serious  hindrance  to  our  international  traffic  and 
one  that  it  is  highly  desirable  to  get  rid  of. 

The  question  accordingly  is  of  very  great  interest  for  the  Belgian  State  Railway 
system  and  I  should  be  greatly  obliged  to  delegates  and  especially  those  from 
Holland,  who  may  be  still  plagued  with  a  series  of  swing-bridges  on  their  lines, 
if  they  would  kindly  state  whether  with  them  slackening  is  obligatory,  and  if  not 
what  are  the  methods  and  appliances  adopted  to  render  it  unnecessary. 

Mr.  Werohovsky,  Russian  Ministry  of  Communications.  (In  French.)  —  It  seems 
to  me  that  there  is  a  contradiction  in  Mr.  Sabouret's  report.  At  the  opening,  I  find 
that  he  states  : — 

One  very  distinct  conclusion  may  he  drawn  from  the  answers  received,  slackening 
At  special  points  Is  never,  so  to  speak,  necessitated  by  want  of  strength  in  the  road  at  these 
points  nor  by  the  insuflicieney  of  the  signals. 

It  seems  therefore  that  slackening  is  due  rcither  to  timidity  than  to  any  technical 
requirements.    At  the  end  of  the  report  I  find  : — 

To  sum  up,  slackening  at  special  points  is  never  the  consequence  of  the  insulliciency  of 
engineering  and  meclianical  appliances  available. 

The  real  question  then  is : ''  Is  slackening  justifiable  with  the  appliances  actually  in 
use?**  It  may,  I  think,  be  said  without  contradiction  that  when  the  road  is  strong, 
trains  fitted  with  continuous  brakes  may  run  down  long  banks  at  high  speed 
without  slackening.  Further,  they  may  pass  even  over  very  sharp  cun'es  without 
slackening  when  the  fastenings  of  the  rails  are  thoroughly  good,  the  sleepers  of 
large  size  and  the  ballast  in  perfect  order.  In  a  word,  when  the  road  is  perfect  there 
is  no  need  to  slack  at  special  points.  But  are  we  justified  in  going  so  far  as  to  say 
that  slackening  is  caused  merely  by  timidity  and  not  by  really  practical  necessity? 
I  think  not.     When  the  road  is  laid  with  56  and  60  lb  (28  and  30  kilograms)  rails... 

Xr.  Sabooret,  reporter.  (In  French.)  —  That  is  not  an  express  road  at  all. 
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Mr.  WerohoTsky.  (In  French.)  —  ...when  the  line  is  badly  ballasted  there  must 
always  be  a  certain  danger  in  running  down  steep  gradients  even  at  low  speeds. 
On  a  long  bank,  a  train  not  fitted  with  continuous  brakes  may  acquire  a  dangerous 
speed  before  reaching  the  bottom.  Therefore  to  pass  special  points  in  the  road  at 
full  speed  it  is  essential  that  the  road  as  well  as  the  rolling  stock  be  unexceptionable. 

Hr.  Michel,  Algerian  lines  of  the  Paris  Lyons  and  Mediterranean  Ry.  <  In  French.)  — 
I  should  like  to  answer  Mr.  BruneePs  question.  We  have  express  trains,  but  our 
regulations  still  sho\y  great  timidity  and  as  in  Belgium  reduction  of  speed  to 
2o  miles  (40  kilometres)  an  hour  at  junctions  is  required.  Not  very  long  ago,  the 
regulations  required  reduction  to  12  V2  miles  (20  kilometres)  but  I  am  bound  to  say 
we  are  allowed  full  s|)eed  in  passing  over  trailing  points  in  stations.  For  my  part, 
I  think  wc  might  go  further.  It  is  worth  while  remembering  that  at  the  outset 
trains  were  required  to  come  to  a  dead  stop  at  junctions.  After  having  successively 
permitted  speeds  of  12  V2  and  then  18  ^'^  miles  (20  and  30  kilometres,  an  hour  we 
shall  be  allowed  before  lon^  to  run  at  speeds  of  37  ^.U  miles  (60  kilometres'  or  even 
more. 

The  question  of  swin^-bridges,  raised  by  Mr.  Bruncel,  also  interests  us.  In 
England,  I  only  know  of  a  single  swing-bridge,  situated  near  York.  For  the  last  7  or 
8  years  trains  run  over  it  at  full  speed.  I  should  })e  glad  to  learn  from  the  officers 
of  the  Company  concerned  the  following  particulars  : — 

A  swing-bridge  necessarily  implies  a  gap  at  the  two  ends.  How  do  these  two 
ends  behave  when  a  train  runs  over  at  full  speed  assuming  that  the  rail  employed  is 
a  60  foot  rail  fl8  metresi,  which  requires  ^/s  of  an  inch  (1  centimetre)  play,  and 
secondly,  how  docs  the  rolling  stock  behave? 

Mr.  Berkley  Wise,  Bt'Itast  ami  Xortlioni  Counties  Railway.  —  I  think  I  can 
answer,  not  so  far  as  tlic  Croat  Northern  Railway  is  concerned,  but  I  can  speak  of 
another  swing-bridge  on  a  Railway  witli  wliich  I  am  connected  in  the  North  of 
Ireland,  the  Belfast  and  Northern  Counties  Raihvav.  The  tratfic  bv  the  river  is  verv 
small,  consequently  we  are  able,  every  time  a  ship  passes,  to  take  off  the  fish-plates. 
We  have  spceial-fish  plates  which  unscrew  very  quickly  and  we  undo  the  bridge 
every  time.  There  is  no  slackening  of  spe<»(l,  as  far  as  the  bridge  is  com^erned,  for 
the  trains  to  pass  over  it,  and  there  are  It  trains  every  day.  There  is  a  very  sharp 
curve  coming  up  to  the  bridge  upon  which  we  do  slacken  speed. 

There  is  no  mechanical  arrangement  for  connecting  the  rails  together.  The 
opening  of  the  bridge  happens  twice  every  day.  Of  course  the  bridge  is  interlocked 
with  signals  properly  fixed  at  both  sides. 

There  is  one  point  in  the  Author's  paper  1  should  like  to  say  a  word  about.  On 
page  17  he  c^nne  to  this  conclusion  :  that  exceptional  curves  where  they  are  run  over 
without  slackening  are  not  specially  strengthened. 

I  think  the  object  of  the  paper  was  as  to  what  means  should  be  taken  to  avoid 
slackening  on  sharp  cunes.     He  has  come  to  the  conclusion  that  no  strengthening 
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iaa  place  oa  exceptional  curves  wh««  they  are  run  over  wUIhiiU  alackuiing. 
I  ftl«ink  the  author  of  the  pupcr  must  be  wrong.  Thcri;  are  several  cases  in  my 
csountry,  and  also  in  England,  where  sharp  curves  are  mn  over  and  the  spuud  is  j 

si  tokened,     I  thought  ihe  question  lor  discussion  would  be,  what  steps  should  be  J 

l^ken  to  enable  the  train  lo  run  round  a  »)iarp  curve  \vithoul  slackening  speed.  I 

I     t  h4jught  that  was  the  matter  we  were  to  discuss,  ■ 

Tlie  author  of  the  paper  suggests  that  we  use  double-headed  rails  universally  in  \ 

this    country,  on  sharp  cunes  from  12  chains  downwards,  while  a  guard  mil  or  a  ' 

cla  e<-^k  rail  is  placed  on  the  inner  rail.  On  the  railway  with  which  I  am  connected, 
w'<?  KJD fortunately  have  about  100  miles  of  Hat  bottomed  rails,  and  about  ISO  miles 
of  c;l)air  rails.     As  far  as  the  chair  rail  is  concerned,  there  is  no  diiliculty  whatever 

f»ntting  a  check  rail  there.     The  check  rail  is  kept  properly  in  its  place  by  being  \ 

fi3c.^«litito  the  same  chair  —  a  special  cliair  —  in  which  the  running  rat)  is  fixed,  but 

tt«^K-«  is  a  difficulty  in  fixing  a  check  rail  properly  to  the  running  rail  on  curves  laid  I 

wit  ti  a  flat  bottomed  rail.     I  do  not  see  any  other  means  that  we  can  adopt  to  make  a 

sti^  K-pcune  safe  forhigh  speed  except  by  using  the  check  rail.    And  the  danger  which 

Hlc^     author  suggests  of  stones  and  other  hard  substances  going  in  between  the  check  j 

rai  ft      is  not  great,  for.  as  far  as  llie  chair  rail  is  concerned,  there  is  such  a  deep  space  , 

*>^t  ■%.'»['en  the  two  rails  that  anything  falls  down.     If  a  stone  gets  in,  the  wheel  passes 

roiA  «id  and  crushes  it  out.     In  a  flange  rail,  where  yuu  may  get  a  hard  substance  in 

^^•-■^^■een,  there  is  some  chance,  but  I  have  hundreds  of  curves  chocked  in  that  way, 

*^*ci    we  never  have  the  least  trouble,  and  nothing  has  ever  occurred.     1  do  not  think 

tnc^»-eis  any  other  treatment  we  can  possibly  adopt  for  having  a  high  speed  round  a 

ftli^rp  curve  than  by  having  it  properly  checked  ;  in  fact,  the  Board  of  Trade  in  this 

'^^**-»  «itry  compel  us,  round  all  curves  of  iO  chains  and  less,  to  have  a  check  rail. 

T  liere  is  another  very  interesting  point,  to  us  in  this  country,  which  the  author 

'^f^xs  to,  and  that  is,  single  line  passing  places.     Ho  suggests,  or  he  states,  that,  on 

i**^     Continent  as  well  as  in  America,  express  trains  when  passing  trains  should  run 

*-'""Xiugh  stations  on  the  straight  road,  while  the  stopping  train  goes  into  the  siding. 

■•■^  re  are  a  great  many  advantages  in  that,  but  unfortunately  in  this  country  we  are 

*^**»*lpclled  to  let  every  train  go  to  the  left  hand,  so  that  the  train  travelling  in  one 

^*"~^('tion  must  pass  to  the  left,  and  the  train  coming  from  the  opposite  direction 

"^^J  St  pass  to  the  left;  therefore,  in  all  cases  we  must  run  against  the  facing  points  In 

***«?  direction  or  turn  offfrom  thestraight  line  into  Ihesidingloop.     On  the  railway 

^ aril  connected  with,  we  increased  the  speed  of  our  trains  lately,  and  we  had  to  alter 

%^<u^e  number  of  our  passing  places  in  order  to  allow  the  trains  to  pass  going  at 

(All  speed,  which  we  do  at  about  40  miles  an  hour.     We  altered  our  stations  so  that 

th«  train  approaching  the  station  ran  straight  through  the  facing  points.     We  put 

the  whole  of  the  curve  from  the  siding  to  the  main  line  at  the  other  end  oftlieloop. 

Ib.  Braneel,  (In  French.) —  Mr,  Wise,  if  I  understand  him  rightly,  says  that  in 

tbe  United  Kingdom,  when  a  single  line  is  doubled  to  form  a  passing  loop,  trains 

ifways  run  un  to  the  left  hand  line. 
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Hr.  De  Bnsschere,  Belgian  State  Railways.  (In  French.) — Yes,  Ihal  is  what  Mr.  Wise 
said,  but  he  also  said  that  the  facing  points  are  so  arranged  that  trains  run  straight 
in  over  them  and  that  therefore  the  through  road  has  had  to  be  diverted  either  at  the 
beginning  or  at  the  end  of  the  station. 

Mr.  Sabouret.  (In  French.)  —  The  trains  run  in  straight.  The  sacrifice  is  made  at 
the  further  end  of  the  loop. 

The  President.  —  The  reporter  has  told  us  that  in  stations  on  double  road  the 
regulations  do  not  require  slackening.  This  is  not  accurate,  as  in  Belgium  the 
regulations  lay  it  down  distinctly.  It  is  the  same  in  Austria,  at  least  on  the  Company 
to  which  1  belong. 

I  do  not  think  that  the  section  can  accept  tlie  conclusion  in  its  present  form. 

Mr.  Sabonret.  (In  French.;  —  My  conclusions  do  not  say  that  all  Administrations 
have  abolished  slacks,  but  that  most  of  them  have  done  so. 

The  President.  (In  French.)  —  I  have  carefully  followed  Mr.  Sabouret's  summary 
of  his  report  and  my  impression  is  that  the  report  is  drawn  up  rather  from  a  traffic 
than  from  a  permanent  wiiy  point  of  view.  The  n^porter  does  not  tell  us  what  we 
have  10  do  when  there  are  regulations  in  force. 

Mr.  Michel.  (In  French.) — The  result  of  Mr.  Sabouret's  report  is  that  under  present 
conditions  both  in  England  and  on  the  Continent  there  are  interlocked  signals  on 
all  the  dangerous  points  in  the  road.  The  question  is  whether  this  interlocking 
enables  us  to  run  through  at  a  high  rate  of  speed. 

I  spoke  just  now  of  the  successive  alterations  in  the  rules  of  the  Paris  and  Lyons 
Company. 

The  reform  was  very  simply  carried  out,  as  our  roads  have  all  the  interlocking  that 
is  necessary.  All  that  had  to  be  done  was  to  insert  in  the  regulations  :^')  instead 
of  12  ^/v  milcH  I  iO  and  20  kilometres  just  as  it  will  be  suHicient  to  put  .77  'h  instead 
of  :>o  miles  lOO  and  -iO  kilometres  ,  when  we  get  leavi*  to  increase  our  speed.  There 
will  he  no  need  to  make  any  change  whatever  in  the  road. 

Mr.  Sabouret.  (In  Fn^ncli.  —  Still  I  have  stated  that  certain  Companies  have  taken 
lo  allowing  full  speed  over  facing  points  even  without  interlocking. 

The  President.  —  That  is  a  tralHc  question. 

Mr.  Bmneel.  In  French.)  —  Aro  those  switches  which  are  not  interlocked  provided 
with  plungers? 

Mr.  Sabouret.  In  Firnch.  —  The  Midi  of  France  which  does  not  slacken  speed 
at  special  points  simply  puts  a  padlock  on  the  switches.  I  may  add  further  that  it 
actually  allows  an  express  to  pass  through  stations  on  single  line  at  full  speed  ind 
lo  pass  there  a  train,  wlietlier  going  in  the  same  or  opposite  direction,  which  has 
been  previously  put  into  the  loop,  and  all  this  without  plunging  the  points. 
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Mr.  DofjEtiiz,  Eastern  of  France  Ry.  (In  French.)  —  On  my  line,  wc  used  to  pass 
junctions  with  reduction  of  speed  to  25  miles  (40  kilometres)  an  liour  for  passenger 
trains  and  9  miles  (15  kilometres)  for  goods  trains. 

The  disc  signals  were  normally  off,  but  we  have  just  changed  our  junction  locking 
so  that  the  discs  are  normally  closed,  and  now  we  pass  all  our  interlocked  junctions 
at  full  speed,  except  branches  which  lead  otf  at  a  sharp  curve.  In  their  case  a  round 
slackening  signal  gives  notice  to  the  drivers  to  run  at  a  reduced  speed  of  18  miles 
(30  kilometres)  for  passenger  trains  and  9  miles  (15  kilometres)  for  goods  trains. 
This  new  system  of  junction  locking  has  led  us  to  give  notice  to  the  junction  signal- 
men of  the  approach  of  all  trains,  in  order  that  if  the  line  is  clear  the  signals  may  bo 
pulled  right  off  and  the  train  not  checked. 

Hr.  d'Abranifon,  Russian  State  Railways.  (In  French.)  —  Will  the  reporter  kindly 
tell  me  if  there  are  any  instances  of  express  trains  passing  at  full  speeil  over  facing 
points  neither  plunged  nor  padlocked? 

Hr.  Babonret.  (In  French.)  —  I  have  not  heard  of  any. 

• 

Hr.  Bmneel.  (In  French.) —  Before  closing  this  discussion  it  would  be  exceedingly 
interesting  if  one  of  our  American  colleagues  would  kindly  give  us  some  information 
as  to  the  manner  in  which  these  special  matters  that  we  have  been  considering  are 
dealt  with  in  their  country. 

V 

The  President.  —  We  will  see  what  can  be  done. 
—  The  meeting  adjourned  at  4*30  p.  m. 


July,  3,  1895,  10.  a.  m. 

Hr.  Bmneel.  (In  French.)  —  I  venture  to  repeat  the  request  that  1  made  yesterday 
that  one  of  our  American  colleagues  should  give  us  some  information  as  to  their 
Method  of  constructing  and  interlockinjg  swing-bridges  so  as  to  avoid  the  reduction 
-in  speed  of  trains  passing  over  them. 

Hr.  F.  S.  Curtis,  New  York,  Newhavcn  and  Hartford  Railway.  —  There  are  a 
-•^limber  of  swing-bridges  on  the  line  of  the  road  which  I  represent.    They  are  con- 
^■•'Xacted  to  allow  running  at  full  speed,  but  under  the  rules  of  the  Company  trains 
not  permitted  to  run  on  them  to  exceed  25  to  30  miles  an  hour. 

.  Bobinson,  secretary  reporter.  —  That  is  the  general  practice  t 

.  F.  S.  Curtis.  —  That  is  the  general  practice  There  are  some  cases,  in  short 
iog-bridges,  where  trains  are  allowed  to  run  at  greater  speed,  but  the  general  rule 
swing-bridges  is  not  to  exceed  25  to  30  miles  per  hour. 
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The  Preaident.  —  What  provision  is  made  for  speed  when  the  swi 
opened  ? 

Mr.  F.  S.  Curtis.  —  Tlie  trains  cannot  run  to  the  open  bridge  without  lirsl  (lisr*^ 
garding  the  signals.  Thiv  cannot  run  into  the  draw  opening  when  Ihe  bridge  t' 
open  or  about  Lobe  opened,  even  iftlie  signals  are  disregarded,  as  derailing  swilcbcj 
are  provided,  locked  up  with  the  bridge  in  such  a  way  that  before  the  bridge  can  be 
moved  the  derailing  switches  must  Rrst  be  set.  Therefore  any  attempt  m»de  to  crou 
the  bridge  when  Ihe  derail  switches  are  set  would  result  in  derailing  the  train  before 
it  reached  llie  bridge. 

The  President.  —  Would  you  have  the  kindness  to  make  a  sketch? 

Mr.  P.  S.  Cnrtis.  — This  sketch  illustrates  it.  This  represents  the  main  line  rail, 
and  this  shows  the  derailing  switch  being  only  on  one  rail,  and  this  represents  the 
draw-bridge.  The  draw  is  locked  so  that  it  cannot  be  opened  or  moved  until  you 
first  open  the  derailing  switch,  and  therefore  a  train  disregarding  the  signals  when 
the  draw  is  open  would  by  the  derailing  swilch  be  run  on  the  ground  and  could  not 
gel  into  the  opening  of  the  draw.  U  is  believed  that  a  good  effect  is  produce*)  on 
drivers  and  stokers  by  the  knowledge  that  these  derailing  switches  exist. 

Mr.  Demonlin,  secretary  reporter.  —  What  is  Ihe  distance  between  these  two 
points  of  the  skelch? 

Mr.  F.  8.  Cortis.  —  This  refers  to  the  distance  that  the  derailing  switch  is  placed 
away  from  the  brid^  ?  This  is  not  a  fixed  distance,  generally  from  300  to  300  teet 
away. 

Mr,  DemooUn.  —  The  trains  run  down  off  the  rails? 

Mr.  F,  S.  Cnrtis.  —  If  the  train  is  derailed  it  runs  on  to  the  ground  where  the 
embankment  is  made  wider,  and  a  bulkhead  is  usually  made  of  sand  so  that  thav 
will  not  be  any  possibility,  if  the  train  is  derailed,  of  running  over  30  or  30  feet  at 
themost,  even  if  it  was  running  at  a  greater  speed  than  2S  to  30  miles  an  hour.  The 
material  being  sand  the  wheels  would  sink  at  once  into  it  and  therefore  prevent 
going  any  distance. 

Mr.  Brnneel.  (in  French.)  —  Could  not  something  be  said  about  the  HackeosadE 
system  employed  on  the  Pennsylvania  Railroad  and  how  it  acts,  or  give  us  Ihe  nune 
of  a  publication  where  this  is  to  be  found? 

The  President.  —  No  repn'senlalive  of  the  Pennsylvania  Railroad  is  present  in  the 
room. 

If  you  like  we  could  iidd  Ihat  it  is  usual  to  slacken  speed  when  crossing  swing- 
bridges. 

Mr.  8»bouret,  reporter.  (In  French.)  —  But  the  Pennsylvania  Company  replied 
thut  it  was  doing  away  with  slackening. 
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I  think  that  the  expression  which  says  that  *  certain  Administrations  allow 
'^'ing-bridges  to  be  passed  at  full  speed  "  describes  the  position  quite  accurately. 

The  information  given  yesterday  as  to  guard  rails  shows  that  they  are  much  more 
^Uunonly  used  in  England  than  I  supposed.  1  propose  therefore  to  add  at  the  end 
<>f  the  first  paragraph  of  my  conclusions  the  following :  — 

*  In  England,  however,  there  is  frequently  added  a  guard  rail  on  the  inner  side  of 
•  ver\*  sharp  curves. "' 

For  the  same  reason  it  is  necessary  to  say  that ''  steep  banks,  etc.,  are  not  as  a  ruk 
specially  strengthened  "". 

I  propose  to  add  to  the  second  paragraph  after  the  words  *•  most  Administrations  " 
he  limitation  "  chiefly  in  England  and  France  ". 

It  is  evident  from  the  statements  that  have  been  made  tliat  in  Belgium  and  Austria 
t  IS  the  almost  universal  rule  to  slacken. 

—  The  conclusions  as  modified  were  put  to  the  vote  and  ado[)ted. 
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DISCUSSION  AT  THE  GENERAL  MEETING 


July  5.  1895,  2.  p.  m. 


Lord  STALBRIlKiE,  president,  in  the  chair 

The  President.  —  3fr.  Kichard  Jeitteles,  president  of  the  1**  section,  will  read  llw'  i 
French  text  of  tlie  report  of  his  StH*tion  and  tlien  3Ir.  Leslie  Robinson,  secretai 
re|>ortor,  will  nnid  the  English  version. 


Mr.  Jeitteles.  — 


Hr.  L.  Bohinson.  — 


Report  of  the  1'^  section 


**  Li^  rapporiiMir  a  ix [>«»?<'  rommeiii,  dans 
II-  mu"stio:.!.a:iv  adn'ssO  aux  Compaj:nif> 
adh«.''i"»Miti's.  ii  avail  oru  Jov«»ir  dt-tiriir  tout 
'l'al».»ni  !•■  v'a-iiy-  tl-'  <<»ii  «'Hk1«-.  tii  a»liiu'itaiit 
■jU'-  la  ^vit'Sti'^:;  vi^;-'!  u:ii«jiuin'  iiT  l«'>  i:raikJo> 
liir:i'.-s  paiv.»\irut  s  rliaiiUt^  j«nir  \k\v  pUisi».Hii's 
tntiiis  iliiin'  viro^s^-  dr  umuyUv  riraloini  supt'- 
I'ii  :ii>^  a  70  k:l«»:iir:iv'S  -lli  **  inill».>>  .  ijviil 
•allai:  .-.•nsiiu-ivr  >»nilein'»:»:  l»*s  o.>urlH.\<  oi 
',n.vi:i  s  •'xrop:i«>:.:.tlI''s  avan:  nvii  viiif  i'i^:.si»- 
'.".ii:i!ii»!i  lival'\  '1'*  ina:i:»*iv  ;i  |K»uvoir  Otiv 
::;i:.vh:o>  >a:.s  :'a*.'.:i:'.^st"'m'  :;:.  «":  »-:iriii,  r:»  r»^ 
jui  r.»;ivvr:.-.  l-,s  p.>;:.ts  sp'.viaux  lels  *i\w 
•riVi  iviv>  ^:-  \,':-  >.  i !  |K":i:.s  s;a:ii^:.s  siir 
Vii:-  f'>  a  >-.ii:pl-  v  >:•'  .  pn»:oiro^  par  »l-'s  iv^rl*  - 
•!i'.:.:>  a ihyiin:>!:':i :::">.  t-ii  -i--  {>.»r:iaii:  a  la  i^irtif 
:•>«  iviTi'Miu  r.r^  av;i:;:  p.»ur  Niit  sj»*>".al  «: 
-  :i'!':":m.'f   1     :"^t  :;t;ssi'i;:'Vi*    ti;«<   t:*:\i:i>   :*;*- 


'.'•>. 


'*  Tlie  n^porter  lirst  pin^hhiUhI  to  call  airin:  -'-— 
ti<.»ii  lo  the  (>bson"ati«>ns  wliioh  piXH-edt-d  t  ~:3ir 
doiailcnl  list  of  »|uostions  wliioh  ho  subniittrr^^' 
to  th'^  Companies  altiliatod  to  th**  Conirr-  — ^' 
and  ho  d»^tin»^l  at  tho  I'litset  the  limits  witl       -J'-' 

which  ho  was  obligi^  to  oonfino  his  investiu ^5- 

ii«»ns.     Ho  r.iok  it  as  airnvd  that  Quest ini»^      // 
ivfei*s  sololv  ro   tho  truiik   linos  whioh  =.  '^^' 

m 

passt\i  over  l»v  iivijuont  trains  at  a  sj»vd 

at  loasr  4o  *  «  milos    7u  kilt^mr'tix^*  an  h.jt-^r. 

I 

and  that  h«'  wiMild  milv  o»»nsid»^i'  exoeptior  *^^ 
runes  au'l  i::*adients  f««r  whi-*h  tho  line  t  *  ■'■'' 
i\veivt\l  a   l-val  stix'i.jrt honing  so  as  to       ^"^ 
v-ajKiMo  oi  i-^iiiiT  i»ass»^l  ovorwitht»ut  slaok*-"^^ 
iiiiT  s|yvd.     A>  far  as  :ho  plaors  i>:H|uirt   ^'** 
sp^vial  a::r!»:i-^:i  ai**-  o««:iOorn»\l.   whioh  C^^ 
pr.»u\':-,d  I'V  adniir.isn-ative  ivgulations,  sr»  * 
as  or<"»ssi:i*rs  a:.d  small  siat;.»ns  on  sinelo  tin  '*' 
h'j  l:nr':s  his  atiention  to  that  pi^niou  of  c     ^^ 
iv»:'.:la::»':.s  :iio  sjHxial  ».>bj»vt  oi  whioh  is 
a\o:a  the  li-ossitv  .»:  oxpiV'ss  rmiiis  slav*k» '^  ^ 
•  «  si-o  :. 
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*  r^ponscs  i-e^ucs,  lo  rapporteur  a 
cette  conclusion,  qui  lui  est  apparue 
to  :  le  ralentissemcnt  aux  points  sp6- 
'est,  pour  ainsi  dii'e,  jamais  impos6 
lefaut  de  resistance  de  ces  |)oints  ou 
uffisance  des  svstemcs  de  signaux.  Les 
5  auxqucls  on  recourt  pour  eviter  le 
iement  nc  sont  ni  bien  nouvoaux,  ni 
orcssants.  Les  considerations  d'ordre 
cialet  meme  d'ordre  moral  setrouvent 
ns  la  question  une  bien  autre  impor- 
uc  les  consideration^  d'ordre  tech- 

ssant  do  cAte  les  bifurcations  qui  font 
ie  la  Question  III,  le  rapporteur  a 
iccossivement : 

Les  points  speciaux  du  trace  (i>entes 
esj  except  ion  nel  les): 

Les  points  speciaux  de  la  voie  (appa- 
voie,   aiguilles,   croisemcnts  et  tra- 
lK)nts  tournants) ; 

Les  points  speciaux  de  la  circulation 
s  a  niveau,  gares  et  stations,  embran- 
sen  pleine  voie). 

ce  qui  concerne  les  points  sp^iaux 
>,  Mr.  Sabouret  d6<'lare  que  dans 
as  on  ne  renforcc  la  voie  dans  les 
ni  dans  les  ranipes  exception nel les 
seul  but  do  supprimer  le  ralentissc- 
si  trains. 

courbuitj  etant  une  cause  marquee 
issement  de  la  voie  lorsque  le  rayon 

au-dessous  d'une  certaine  valeur 
,  dt'pendant  de  la  constitution  de  la 

la  Vitesse  et  de  la  charge  des  trains, 
it  de  la  souplcsse  ot  de  la  stability  des 
s,  on  reinforce  souvont  la  voie  dans 
bes,  en  augmentant  le  nombre  des 
«,  en  employant  des  solles,  des  tire- 
i  des  crampons  plus  nombreux  et 
s  avec  la  voir  Vijrnoles,  des  coussinets 
:ds  avoc  la  voie  a  coussinets. 

IX  dispositions  seulement,  vraiment 


**  A  very  clear  conclusion  seems  to  have 
been  ai rived  at  from  the  replies  received. 
The  slackening  at  special  points  is  practically 
never  caused  by  the  weakness  of  these  points, 
or  by  the  i  nsufficiency  of  signals .  The  methods 
which  are  applied  in  order  to  avoid  slacken- 
ing avo  neither  very  new  nor  very  inteixist- 
ing.  Considerations  of  a  commeivial  nature, 
and  even  of  a  moral  order,  are  found  to  liave 
in  the  question  much  greater  importance  than 
considerations  of  a  technical.natui^e. 


**  Leaving  aside  junctions,  dealt  with  in 
Question  III,  the  I'eport^T  has  investigated 
the  following  points  :  — 

**  1**  Special  points  in  the  profile  of  the 
road  —  that  is  to  say,  exceptional  gradients 
and  curves; 

**  2*'*^  Special  points  in  the  permanent  way 
—  that  is  to  say,  switches,  i-ail-crossings,  and 
swing-bridges ; 

**  3*"*^  Special  traffic  pohits  —  that  is  to 
say,  level  crossings,  stations  and  station- 
yards,  and  junctions  with  private  sidings. 

**  As  regards  the  special  points  in  the  pro- 
file of  the  road,  the  reporter  said  that  the 
permanent  way  is  never  strengthened  in 
exceptional  gradients  for  the  sole  purpose  of 
abolishing  the  necessity  to  slacken  speed. 

**  CuiTature,  on  the  contrarv,  becomes  a 
marked  cause  of  weakness  as  soon  as  th»' 
radius  descends  below  a  certain  value;  but 
this  critical  limit  is  essentiallv  variable,  and 
depends  on  the  nature  of  the  line,  on  the  speed 
and  weight  of  the  trains,  and,  above  all,  on 
the  flexibility  and  stability  of  the  locomotives. 
The  permanent  way  is  often  strengthened  in 
curv(^  by  increasing  the  number  of  sleejyei-s, 
making  use  of  saddle  plates,  more  and  larger 
screw-spikes  or  treenails  in  the  case  of  a 
Vignoles  road,  and  using  heavier  chairs  ou  a 
chair  road. 

**  Only  two  devices  really  s^KJcial  to  cur\'es 
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>p6«"iales  aux  roiirb»?s  oxtvpuonii^^lles.  our  Oto 
>i^'"nal*!-es  au  rappon«?ur  :  radmission  ilun 
i^niifi-e-rail  et  I:i  liais4»n  ilo  ileux  volt's  pai-al- 
leles. 

"  Lo  rtiiui'c-i'ail  plaot;  1»^  long  do  la  tile 
iiitOrieui*o  augmonte  la  rigiditO  tninsvoiNale  de 
li  vnio  ff  protege  la  filo  t'xt»>rieuiv  oontreles 
♦.•fforts  de  iviivei-si'meiit.  II  a  *:U'  ^tabli  par  les 
'I'S.'laniiions  faites  rn  s».\'lion  Uas  d^»  la  disru:?- 
>\nu  du  rapiM»rt  et  nn'Oiiiiu  dans  K-s  touriirfs 
laiiOi;  d'.'puis*  loiivi-nui'tj  dc  la  session,  que 
r»'rijpl'»i  •le>  fontiv-i'ails  est  ti*es  devi*lopjKJ  sur 
les  v«»i'^s  aiitrlais«'s.  p«»vir  faeilitt-r  le  jiassago 
lies  r<»urbes:  nous  ajoutrrnus  qu'on  auniit  pu. 
^ans  tlouto.  »'onstai».T  que  la  voie  anglaise 
laiss«-  iJioiiis  di^  jeu  aux  v»'hieuli^s  quf  les 
vok's  •"oniinenial»v. 

••  Mr.  SaliMUP't  nvnit  fair  uu»^  obj»ftion  a 
I'l-niploi  ile<  n  ain't -mils,  a  >avc>irque  r«»rniei"e 
d;ins  la<|U«'lli'  peuvr-nt  se  coinrer  «les  pierres 
•lures  •tu  des  objets  touibcs  d-'S  trains,  poi.ir- 
iTiit  :iuirment«n\  plus  qu'ellt^  m^  les  iliminue- 
rait,  les  i.-lianr»s  de  deniilliMUout.  D'apr6s  les 
tl'-«'laraTions  failes  a  la  s»'i'iinn,  ertie  ol»j«viiou 
du  rappniteur  ne  serait  pas  fondee  au  nioins 
pioir  l;i  vnii.;  a  dnuM«^  rhanijtignon  p'-n'-ralr- 
iiK'iit  usirr'-e  sur  Irs  liirufs  aujjrlais«'s  de  granil*' 
•.  T.-sse,  Ifs  nbj«r>  i«>nil»'"s  ilans  lUrniOr*^  du 
I  nil  ■  t  ilu  f«»ntrr-rail  de>-'Mid;ni;  f:i.Mleuieut  an 
iiA-an  ilu  ballast. 

'*  Kn  C''  qui  ••••iiierno  Ifs  pi»inrs  siMji'iaux 
'1''  la  voif,  le  rai^poritMir  a  si.LMialr-,  -  -  ««'  qui 
;i  pu  Ori*»'  rtvniuiu  pai'  ni'Uil»r»'  do  nn'mbivs  de 
la  1  =  *^  S''.«tii.»n  ef  du  Coiii:iv>  tlans  les  tounuVs 
•!eja  faites.  —  Irs  ('(Midiiinus  si)et.'ialenieiit 
l"»nn'S  dr  lAnglrferre  ou  r«»n  trav'tv  a 
:.iiire  \ites.<«j  sans  oseilIatit»ii.  .•»ans  eluK\  dt.-s 
t.'aivs  inimenses.  eni^niil)iiV>  ilappaivils  er  d'* 
vi>i».->.  (V  r»''suliar  satisfaisant  jvut  rxtv  attri- 
bue  a  tieux  caust's  :  Tuiir  renatii  a  la  rmisti- 
iwiinii  de  la  voie  en  mils  :i  double  eliainpijj-non 

■  lissyni»;rrique  de  fnrr  poiil>,  la  s».vnnde  a  une 

■  •rganisitirii    sp«>cial»'   d«'  la    ial»rii'atioii   drs 
:qil»ai"''ils. 

"  Sur  la  quest i(Mi  dii  jtassage^  d'S  ponts 
HiurnaiiTs.  qui  pivs'MiitMiu  p-.iuil  inr»Tet  p*mv 


have  ItetMi  ivtinted  out,  —  the  addition  of  a 
guard  rail,  and  the  eonne<.Mion  of  two  |)arallel 
roads. 

■•  The  guanl  rail  plaeed  along  the  inner 
rail  inei-easis  the  transverse  rigidity  of  the 
line  and  proteets  rhe  «»urer  rail  against  tin? 
tendoney  to  tilting. 

"From  the  statements  made  by  the  Knglis^h 
inemb«?rs  while  diseussing  the  paper,  whos»; 
trurh  we  hav*.*  U.^ni  able  to  s«v  for  i>ursolves 
in  our  I'ecent  exeursions,  it  appeal's  that 
gtiard  rails  aiv  ext»^nsively  us«?d  on  English 
lines  lo  improve  the  running  over  i-un'os.  It 
mav  Ik.'  added  that  wo  hav*"*  also  seen  that  th».' 
Knu'lish  r«»ad  allows  l.'ss  play  to  the  whf.!cU 
ihan  the  eontinental  lini.^s. 

■•  Mr.  Sab«.>uiYn  objrrted  to  rh<.'  us«.^  of  guanl 
rails  that  tin"'  gnuivr  berween  tin*  rails,  in 
whieh  hartl  stones  **v  rbjeots  fallen  from  th»' 
trains  may  ln.'oome  w.tlged,  might  ineivaii<* 
i*ather  than  diminish  rhe  ohan^vs  «»f  derail- 
m»"'nt.  Stati^ments  made  ti*  the  Se**tion  shov* 
that  this  objtvtion  has  no  weight  as  ivgards 
the  double-headod  rail  used  on  Kmrlish  liniv, 
as  th«'  i^bjivt>  that  p^t  be*Wf.'u  thf^  rail  and 
the  L'uard  rail  have  v-tv  little  ohaniv  t>f  bcinir 
w.-dged,  but  fall  'br.  ■lirii  *•»  thi^  ballast. 


*•  As  r-'ijrarils  riie  <jv^'ial  pi»ints  oi  the  j)er- 
nianoni  way.  th'*  r-  j-ort'-r  has  ix?niark»*d  that 

•  •xe»'llent  r«'sulfs  ai-'  •»i»taiiied  in  England, 
where  pas>iiig  riiP-uijrh  larg-*  siatious  ovrr  a 
maze  of  L'i'ossin|j->  aii«i  j'oinrs  at  full  s|>»vd 
with  lUt  sbi»«k  is  .•••ralnlv  mio  of  tho  fa«'ts 
whifh  stnu'k  the  euLrin-.-rrs  lulnnging  i<»  thr 
1^'  S'l-tioii  of  tlir  t''»iijj:---s>  wIku  travelling 

•  •vrr  Eni:lish  line-.  Tb-.s».'  satisfaetorv  ivsulrs 
serin  Tu  l»r  ilvir  tu  !b"  ri i!;>Tyueiiou  i»f  rhe  inm*- 
mau'Mit  way  ii>''li'.  wb-ih  is  i'ompi»seil  of  heavy 
bull-headrd  rails,  auil  the  sj'*.vial  organisation 
for  the  niamifaeiuT'»'  of  rli.'  ■•rossings  and  simi- 
lar applianrrs . 

'*  As  r-'irard-:  -wihij-  l''idL'"«'s,  whi«'h  are  *»f 
sjK-i'ial  inteivst  to  <iii'!i .-. ■  .i,::*irs  as  Hrlgiuni, 
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ceiiaiiis  pays,  la  Belgiquo  notammeiit,  le 
rapporteur  n'a  pu  malhcuifjuseinciit  obtenir 
(les  rcnsc'igiioments  bicn  prCvis  et  complets. 
**  Au  COUPS  de  la  discussion,  il  a  ete  signals 
(|u'en  Amcrique  les  pouts  touriiants  sont  con- 
struits  de  telle  facjon  qu'il  ue  serait  pas  ntx^es- 
saire  de  r6duire  la  vitesse  des  trains  &  leur 
passage,  mais  on  la  reduit  tout  de  niemc  en 
pratique.  En  outre  d'appaniils  d'cnolench*'- 
ment,  on  dispose  souvcnt  uiu'  voie  do  secu- 
rity. Lorsquele  pont  est  ouvert,celle-ci  dirigo 
le  train  sur  une  couche  epaisse  de  sable  fin 
od  il  amoitit  sa  vitesse.  II  y  a  lieu  d»*  i^onsor 
que  la  voi«.'  dti  six'urite  a  surtout  un  offet 
moral  sur  lf*s  niecaniciens  ct  chauffeurs  qui 
pcuvent  conseiTcr  quelqucs  craintes  sur  les 
risques  d'un  d^raillement  meme  prepare  a 
Tavance. 


•*  En  cc  qui  concerne  les  |)oints  s])eciaui 
de  la  cin'ulation,  passagtjs  a  niv<>au,  gan>s  de 
passage,  stations,  embranchements,  il  s'agirait 
moins  d'adopter  des  dispositions  speciales 
|M>ur  la  constitution  do  la  voie,  que  d'obtenir 
la  r^fomie  de  ixiglements  administnitifs  trop 
s^vdres  dans  certains  pays  du  moins.  I^s 
excmplcs  citO-s  par  Mr.  Sabouret  et  divei*s 
membres  de  la  section  pcrmettront  iH'ut-fitn- 
aux  ingenieui*s  interesses  d'obtmir  1«>  K'SuUat 
qu'ils  d«isirent. 

**  Les  conclusions  du  rapiw»rt  de  Mr.  Sabuu- 
wt,  Idgei'cment  modifi6<.>s  par  le  rapjKjrtfur 
en  vue  de  tenir  compte  des  i"ens<.'ignenients 
suppl6mentaires  rccueillis,  s^iit  au  ('Oui^>  de 
tourn^s,  soil  b)i*s  do  la  discussinn.  out  etO 
adoptef.'S  a  Tunanimire  par  la  >erti«>ii. 


the  n^i)orter  was  unfortunately  not  able  to  gt^t 
together  any  definite  or  complete  information. 

*•  In  America,  we  weiv  told  in  the  Section 
that  tlie  swing  bridges  arc  constructed  so  as 
to  enable  the  tiuins  to  pass  over  them  at  full 
speed;  but  it  appears  that  in  practice  they  do 
slacken  speed.  These  bridges  are  fitted  with 
plungers  and  interlocking  apparatus,  but  it  is 
deemed  expedient  to  place  a  »•  derailer  »♦  on  the 
line  at  some  distan(*e  from  the  bridge,  with 
which  it  is  connected  and  interlocked.  If  the 
biidge  be  open  the  point  of  the  derailer  is  set 
in  such  a  position  that  any  train  coming 
towanis  the  bridge  would  run  on  to  the  bal- 
last, which  in  those  places  is  thick  and  sandy, 
so  as  to  quickly  check  the  speed.  There  is 
reason  to  think  that  the  derailing  switch  has  a 
good  moral  effect  on  the  driver  and  fireman 
who  know  that  they  must  run  off  the  road  if 
they  pass  their  signals  at  danger. 

**  As  regards  special  traffic  points,  such  as 
level  crossings,  double  and  single  line  sta- 
tions, private  sidings,  it  is  admitted  that  the 
question  is  rather  of  an  administrative  than  of 
a  technical  character.  No  special  arrange- 
ments need  Ixt  adopted,  but  the  tr»o  rigid 
I'egulations  and  laws  in  force  in  some  coun- 
tries might  with  advantsige  i>c  mitigated. 
The  examples  mentioned  by  Mr.  Sabouret 
and  other  members  of  the  section  will  per- 
haps help  the  engineers  concerned  to  effect 
the  result  thev  desire. 

•  *  Th«;  conclusions  drafted  by  the  reporter, 
slightly  modified  to  allow  for  furtlier  informa- 
tion obtained  either  during  the.  discussions  or 
on  the  excursions,  hav«*  Ik-oh  unanimously 
adopted  by  the  s«'ciion. 


• » 


CONCLUSIONS. 


**  Les  pentes  et  les  courbes  extepiionnelles, 
*'  quand  dies  sont  francliies  sans  ralentisse- 
*•  mcnt,  ne  n'coivent  pas,  en  ^'riienil,  de  ren- 
' •  forcemont  spcvlal .  Touted »i>.  cu  A iigleton-e. 


**  Gradients  and  exceptional  curves,  wheie 
**  they  arc  run  over  without  slackening,  are 
*'  not  s[)e<rially  st lengthened.  In  England, 
**  however,  there  is  fi*r.»«piently  added  a  guard 
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on  ajoute  lr6qucmment  un  contre-rail  k  la 
file  interieure  des  courbes  tr6s  raides. 
*  *  La  plupart  des  Administrations,  en  Angle- 
terrc  et  en  France  principalement,  acccptcnt 
le  passage  en  vitesse  des  trains  rapides  aux 
apparcils  de  voie,  aux  passages  a  niveau, 
aux  embranchements  particuliers-  et  aux 
statioiLs  en  double  voie,  sans  recourir  k 
d'auti>}s  proc6des  que  ceux  qu'on  emploie 
avet*  les  trains  ordinaires. 
**  La  travel's^  sans  ralentissement  des 
stations  on  voie  unique  est  admise  sur  un 
assez  grand  nombre  de  ligncs  :  les  solu- 
tions tr^s  varices  qui  sont  adoptees  dans  ce 
but  dependent  cssentiellement  des  r^le- 
monts  d'exploitation  propres  k  chaque 
Administration  et  on  trouve,  pour  les mettre 
en  application,  de  nombreuses  dispositions 
toc'hniques  egalement  satisfaisantcs. 


* '  Le  passage  en  vitesse  sur  les  ponts  tour- 
**  nants  est  accepts  par  quelques  Administra- 


tion 


s. 


J » 


'*  rail  on  the  inner  side  of  very  shjii*p  i7urves. 

'*  Most  Administrations,  chiefly  in  Franco 
**  and  England,  allow  express  trains  to  pass 
"  points  and  crossings,  road  crossings,  pri- 
'*  vate  sidings,  and  double-line  stations  at 
**  full  speed,  without  recourse  to  other  means 
**  than  those  ^hich  are  used  for  ordinarv 
*•  traffic. 


**  Passing  through  single-line  stations 
without  slackening  is  allowed  on  a  fairlv 
large  number  of  lines;  very  various  me- 
thods are  adopted;  the  matter  is  one 
mainly  of  traffic  regulation  whk-h  each 
Administration  must  settle  for  itself  and 
as  far  as  the  mechanical  and  ongiii*:^ering 
appliances  required  to  carry  out  th«?  system 
in  force  there  are  many,  all  equally  satis- 
factory. 

'*  Some  Administrations  allow  ti'ains  to 
pass  over  swing-bridges  at  full  spe^'d.  * ' 
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—  These  conclusions  were  adopted  by  the  General  Meeting  without  discussii>n. 
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1"  SECTION,  —  WAY  AND  WORKS 


QUESTION    III 


JUNCTIONS 


-«>5»C< 


Best  method  of  constructing  junctions  upon  express  lines  so  as  absolutely  to 
avoid  slackening  speed. 

Best  arrangements  of  points  and  crossings. 

The  most  efficacious  means  of  maintaining  the  speed  of  trains  while  aban- 
doning super- elevation  at  junction- curves. 


Reporter^  Mh.  Zanotta,  Divisional  KngiiR^er,  Mediterranean  Railway  of  Italy,  Milan. 
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K;  E  :F  O  K;  T 


Bv  M.  A.  ZANOTTA 

BNGIMEBR,  CHIEF  PERMANENT  WAY  INSPECTOR  OF  TBI  MUDITBRRANBAN  RAILWAY,  MILAN,  ITALY 


General  considerations. 

The  ever  increasing  demands  of  the  public,  with  regard  to  the  rapidity  of  trans- 
port, and  the  difficulties  of  every  kind  which  are  opposed  to  an  increase  of  the 
maximum  speed  of  express  trains,  above  the  limit  dependent  upon  the  conditions 
of  the  line,  and  rolling  stock,  compel  Railway  Companies  to  study  the  best  means 
of  avoiding,  as  far  as  possible,  slackening  the  speed  of  these  trains  at  special  points 
on  the  line,  in  order  to  increase  their  mean  speed. 

Among  these  special  points,  junctions,  over  which  express  trains  are  very  often 
not  allowed  to  run  at  full  speed,  ought  to  be  taken  into  consideration. 

On  a  system  with  few  junctions,  and  with  small  traffic  the  loss  of  time  due  to  this 
slackening  is  only  of  limited  importance.  But  on  a  more  crowded  system  where  the 
junctions  are  more  numerous,  greater  difficulty  is  experienced  in  working  if  they 
cannot  be  run  over  at  full  speed. 

However,  the  slackening,  such  as  the  regulations  on  most  systems  prescribe,  is 
not  always  observed  by  the  engine- driver,  especially  in  cases  of  delay,  or  when  the 
junction  is  on  a  down  gradient.  It  may  be  that  the  engine-driver  benefits  from  the 
surplus  of  time  which  is  allowed  him,  in  view  of  the  slackening  at  the  junction,  to 
slightly  reduce  the  speed  on  a  long  run  or  at  any  special  point,  other  than  the  junc- 
tion. It  is  true  that  some  Administrations  control  the  slackening  at  junctions  by 
Special  appliances  such  as  speed-gauges  (dromoscopes,  dromopetards),  etc.,  but  the 
xiiajority  of  Administrations  have  not  these  means  of  control. 


U  is  llicrofore  not  only  to  increase  the  mean  sfiGcd  of  express  trains,  but  ulsf 
measure  of  safely,  that  it  would  bo  of  tiic  greatest  importance  to  i-onstruet  junctions 
of  Buch  a  kind  that  Ihey  may  be  run  over  in  every  direction  at  full  speed. 

The  question,  moreover,  is  not  new  to  the  Congress. 

Question  VII,  B,  submitted  to  the  first  session  of  Congress,  in  188*),  was  GXpressed 
in  this  manner  ; 

K  The  most  suitable  arrangements  Rnd  appliances  to  ensure  the  safely  of  running 
i(  in  stations,  at  junctions,  and  over  crossings.  » 

The  conclusions  which  the  Congress  adopted  on  this  subject  were  the  following  ; 

»  It  is  desirable  that  the  junctions  should  as  far  as  possible,  be  in  the  stations 
K  themselves.  » 

«  When  it  is  decided  to  place  them  between  stations,  it  is  necessary,  as  far  as 
«  possible,  to  avoid  laying  them  in  a  cutting,  on  a  sharp  curve  or  gradient,  to 
o  endeavour  to  bring  into  use  Hying  junctions,  to  lay  out  the  converging  lines 
((  parallel  to  opie  another  for  a  certain  length,  etc.  In  every  case  it  is  advisable  to 
«  provide  the  junction  points  with  bolls  and  interlocking  systems  which  enable 
'(  them  to  be  run  over  at  full  speed  if  necessary.  >i 

The  general  conditions  most  favourable  for  laying  down  junctions  are  indicated  in 
these  conclusions,  especially  in  relation  to  their  site,  and  the  measures  it  is  neces- 
sary to  adopt  to  avoid  any  collision.  The  question  of  the  protection  of  junctions 
was  also  discussed  at  the  fourth  session  of  Congress  with  regard  to  the  question  of 
the  block  and  interlocking  systems.  (Article  WI.  B.) 

These  points  of  the  question  will  therefore  not  bo  reconsidered  ;  it  is  sufticient  to 
observe  that  according  to  tlie  information  which  various  Administrations  have 
supplied,  many  of  the  arrangements,  described  in  the  conclusions  recalled  above, 
are  usually  found  applied  to  junctions  run  over  by  express  trains. 

Thus,  for  example,  the  bolting  of  (he  points,  and  the  interlocking  of  the  points 
with  the  signals  are  employed,  it  may  be  said,  at  all  the  junctions  in  question. 

On  some  railways,  in  Englanil  for  instance,  the  interlocking  appliances  are  sup- 
plemented by  llic  block  system,  and  by  strict  local  instructions  which  protect  the 
trains  against  all  danger  of  collision  at  the  junctions. 

There  are  cases  where  the  branch  line  of  the  junctions,  being  on  a  sharp  gradient, 
is  provided  with  a  safety  road  into  which  a  train  over-running  its  signal  would  be  ■* 
turned,  instead  of  fouling  the  main  line. 

Other  Administrations  have  sometimes  adopted  more  radical  means  for  avoiding 
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collisions  between  trains,  as  pointed  out  by  the  first  session  of  Congress,  by  replac- 
ing level  crossings  of  junctions  by  the  use  of  flying  junctions. 

Among  these  Administrations  may  be  mentioned  the  Western  of  France,  which 
made,  in  1839,  such  an  arrangement  at  Saint-Cloud  (branch  from  the  F^tes  Station] ; 
the  Northern  of  France,  which  has  brought  them  into  use  at  many  junctions,  notably 
at  the  Epinay  junction  (lines  from  Paris  to  Pontoise  and  from  Epinay  to  Monsoult), 
and  at  the  Mennessis  junction  (lines  from  Creil  to  Saint-Quentin  and  from  Amiens 
to  Tergnier,  etc. 

Figure  1  represents  the  arrangement  which  has  been  planned  by  the  Italian 
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^^^ministration  of  the  Mediterranean  lines,  with  a  view  to  entirely  avoiding  the 
^^^Dtuse  crossings  of  several  junctions  at  the  approaches  to  Milan  station. 

More  stress  need  not  be  laid  on  this  part  of  the  subject  but  an  examination  will  be 
^^^ade  of  the  difficulties  concerning  the  design,  construction  and  laying  down  of  a 


juncliiin  suitable  for  being  run  over  al  high  speeds,  ditticullics  which  have  only  bee— 
Eubmilled  to  a  very  summary  investigation,  iu  ttie  preceding  sessions  of  Congrese 
and  which  form  the  subject  of  this  question. 

Before  passing  to  an  investigation,  however,  it  will  not  be  uselesi;  to  consiii^, 
briefly  the  rules  which  regulate  the  running  over  junctions  on  some  systems, 

In  order  to  get  information  on  this  subject,  and  on  the  modes  of  laying 
junctions  run  over  at  high  speed  a  detailed  questionnaire  (annexed)  has  been 
means  of  the  International  Commission  to  several  oftheCompagnies  affiliated 
Congress, 

About  thirty  of  the  tympanies  have  had  the  kindness  to  reply,  and  the  repoi 
takes  this  opportunity  of  thanking  them  asmuch  in  the  name  of  the  Internaiic 
Commission  as  in  his  own. 

The  following  are  drawn  from  their  replies,  relative  to  the  maximum 
allowed  for  trains  running  over  junctions  : 


onsid^^Mj 


A  iiilriu.  —  A  Government  order  exists,  according  lo  which  ever)'  train  approaching  far *ip| 

points  sliould  reduce  its  speed  to  31  or  18  tji  miles  (SO  or  30  kilometies.i  an  hour,  depenfl6=^^ 
upon  wlietlier  ilie  points  are  plunged  or  not. 

Tlie  limit  of  31  miles  (50  kilometresj  is  therefore  not  surpassed  by  any  of  the  Aastrinn  0 
panics  ivlio  have  responded  to  the  questionnaire,  and  some  Companies,  such  as  the Auslrollnc  • 
rian  Slate  Railway  Company  do  not  exceed  the  limit  of  18  1/3  miles  (30  kilometres). 

WiUi  regard  to  trains  approaching  trailing  points  some  Administrations,  such  a 
mentioned  State  Railway  Company,  the  Soutli  Austrian  Railway  Company,  and  the  Sortli  Wesio  "■ 
administration  do  not  prescribe,  on  any  junctions,  a  reduction  of  speed  on  the  main  line,  «lii»  • 
ii  ain'ays  straight ;  other  Administrations  on  the  conu^ry  prescribe  a  limitation  of  speed  for  tr 
even  on  llie  main  line ;  on  the  Northern  system  ^Kaiser  Ferdinand),  for  example,  tlic  speed  of  thw^^^^^^B 
trains  is  not  allowed  to  exceed  37  miles  (00  kilomeires)  an  hour. 

Further,  an  appreciable  reduction  of  speed  is  compulsory  for  all  trains  running  over  the  riina 
branch. 

Belgiiim.  —  The  State  Railway  has  no  junctions  passed  over  at  full  speed.    It  is  annonnced  s 
nry  probable  that,  in  the  near  future,  trailing  points  will  be  run  over  at  fuU  speed ;  but  at  p 
the  trains  whicli  approach  trailing  points,  as  also  tliose  approaching  facing  (lOinis.  should  a 
exceed  the  speed  of  37  miles  (6U  kilometres)  an  hour  on  ihe  main  line  of  the  junction  (I 
straight  or  having  a  large  radius),  whilst  on  llie  diverging  b  lanch  die  greatest  ipeed  alloweil 
2j  mites  (40  kilometres,!  an  hour. 

Deiiinaik.  —  On  the  Stale  system  there  are  junctions  run  over.  In  every  direction,  e»en  oi 
curve  of  IS  1/3  chains  radius  (31a  metresj,  at  a  speed  of  56  miles  (90  kilomeUes)  an  favur. 

f'rii>:er.  —  The  Eastern  and  Northern  Railway  Companies,  amongst  the  Adminisiraiion  » 
haveresponded  to  the  quesiLonnaire,arcliie  only  ones  who  allow  trains  lo  pass  overlheirjunrtk. 
on  the  main  line  at  full  speed.     On  the  Eastern  system,  the  maximum  speed  of  the  ti 
running  over  tlie  main  line  is  SG  miles  (90  kilomelresf  an  hour;  on  the  Norttjern  system  lhci>| 


d  by  the  working  time-lable ;  and  tlie  engine-drivers  are  not  permilieil,  when  approaching;  i 

hx^<=tion,lomakeu5e  of  the  discretion  which  is  allowed  them  on  all  other  points  of  tlic  system  to 
■<;  x'«ase  ibeir  speed  by  liulf  if  liehind  lime. 

O  n  the  curved  branch  ilie  speed  is  limited  both  on  the  Eastern  and  on  the  northern  sj-siems  to 
G   vniles  ^iO  kilometres)  an  lioor- 

Tlierale  laid  down  for  the  running  oftmins  over  junctions  is  inrariably  the  same  on  the  branch 
in^ES  for  both  directions. 

Tlie  Nortliern  Company  however  are  proceeding  on  some  of  the  most  important  junctions  of  their 
^siem  with  the  straightening  of  lines  or  the  erection  of  necessary  signals,  lo  allow  them  to  bring 
Bto  force  a  new  refsulation.  by  which  the  running  of  (rains  at  full  speed  will  be  permitted,  in 
irvGr^-  (iireclion,  over  these  junctions.  It  is  understood  that  this  improvement  will  be  realised  in 
lie  courseof  the  year  (1894). 

Onthe  Midi  system  the  engine-drivers  of  llie  trains  on  the  main  line  a  I  junctions  must  reduce 
jheix-  speed  in  such  a  manner  that  their  trains  can  be  broutihl  to  a  stand-still  before  reaching 
toe  liDme  signal  of  the  junction,  if  circumstances  demand  ii.  Trains  going  to  or  returning  from 
Vie  branch  line  must  always  slop  before  reaching  the  junction  points. 

On  ihe  Paris- Lyons-Uediierranean  system  only  the  main  line  of  the  junction  is  run  over  at  a 
■•saciniutn  speed  of  25  miles  (40  kilometres)  an  hour;  the  branch  lines  are  run  over  at  a  speed  of 
**  ■*  /i  miles  fao  kilometres)  an  hour. 

I  The  regulations  of  the  Paris  and  Orleans  Company  limit  llie  speed  of  passenger  trains  running 
*''^«~  junctions  lo  18  t/2  miles  (30  kilometres)  an  hour. 

'  f^9iiled  Kinijduiii  of  (inal  Brilain  atid  Ireland  and  its  Colonies.  —  On  many  of  the  systems  the 
^*S*»lations  for  passing  over  some  of  the  junctions  do  not  impose  any  limitation  of  the  speed  of  the 
"^***s  in  whatever  direction  they  are  running. 

L  Tlie  Great  Eastern,  London  and  South  Wesiern,  Manchester,  Sheffield  and  Lincolnshire,  Lan- 
^*Hire  and  Yorkshire,  Caledonian,  North  Easteni,  and  London  and  North  Western  Railwa; 
*o»Tipanies,  for  eiample.  are  in  this  position. 

ttowever,  these  same  Companies  generally  limit  the  speed  of  trains  on  branch  lines  with 
f^rves  of  small  radii.  Tims,  for  enample,  on  the  Great  Eastern  Railway,  the  speed  of  the  trains 
I  limited  lo  35  miles  Hi  kilometres)  an  hour  on  branch  lines  having  curves  of  10  chains 
j^l  metres)  radius;  on  the  London  and  Sooth  Western  Railway  the  speed  permitted  on  branch 
*U»es  having  sharp  curves  in  9S  miles  (40  kilometres)  an  hour;  on  tlie  North  Eastern  Railway 
Sanctions  having  a  radius  of  15  chains  (301  metres^  are  run  over  at  a  maximum  speed  of  30  miles 
**^  kilometres)  an  hour. 

f  he  London  Brighton  and  South  Coast  Ilailn-ay  permits  junctions  to  be  run  over  at  full  speed 
***  every  direction,  but  the  maximum  speed  is  only  30  to  40  miles  (48  to  64  kilometres)  an  hour. 
~*  Uie  corves  ofjunctions  having  a  radius  of20  chains  (402  metres)  the  masimum  speed  is  30  miles 
**™  kilometres)  an  hour. 

Some  other  Companies,  although  allowing  trains  to  run  over  the  straight  line  of  tlie  junctions 
**  full  speed,  even  when  approacliing  facing  points,  order  the  speed  ol  the  trains  running  over 
"'^  curved  branch  to  he  reduced. 

Such  are,  for  example,  the  Great  Sortliern  Railivay,  —  on  which  system  the  branch  line  of 
^*  junctions  is  run  'over  at  a  speed  of  10  to  20  miles  f16  lo  32  kilomelresj  an  hour,  —  the 
*"'asgow  and  South  Western  Railway,  —  who  allow  llie  straight  line  to  the  junction  to  be  run 
'^^erat  aspeedof  60  miles  (96  kilometres)  an  hour  whether  the  points  are  taken  in  a  facing  or 
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trailing  direeiion,  whibt  the  mirved  branch  is  only  run  over 
an  hour,  although  the  radius  of  the  curve  may  be  as  great 
Midland  Raihvay,  the  Great  Western  Kaitway,  etc. 

Finally  some  other  Companies,  sucii  as  the  South  Eastern  Kailw-ay,  stipulate  llMl  ihe  engine- 
driver  must  reduce  the  speed  of  his  train  at  junctions,  especially  on  approaching  facing  points,  in 
which  case  the  speed  is  not  to  be  greater  than  IS  miles  {ii  kilotnelresj  an  hour. 

On  the  EjBiems  of  ihe  Great  Indian  Peninsula  Railway  and  the  East  Indian  Railway  the  speed  ot 
the  trains  running  over  junctions  is  also  limited,  especially  when  approaching  facing  points. 

Uuiied  Slalet  of  America.  —  On  the  Petin sylvan ia  Railroad  system,  there  are  junctions  which 
are  run  over  at  full  speed  in  every  direction.  The  maximum  speed  is  about  30  miles  [80  kilo- 
metres) an  hour. 


,  some  of  the  junctions  are  rui 
hour,  either  on  the  straight  o 


er  ai  full  .<peed,  Uiat  is  lo  say 

rved  branch,  and  even  when 


>lipulate  a  slackening  of  speed 


llalij.  —  On  the  Adriatic  sys 
at  43  f/2  miles  [TO  kilometres) 
approaching  points. 

On  Ihe  Mediterranean  system,  on  t!ie  conlrary.  ihe  reguh 
for  trains  approaching  every  junction.  i 

Ho'dmid,  —  On  the  Dutch  Railway,  llie  running  over  a  junction  at  full  speed  is  only  allowed 
for  trains  passing  over  trailing  points  and  running  over  the  straight  line  of  a  non-symmeirical   I 
junction  or  the  two  curved  branches  of  a  symmetrica!  junction.     The  speed  when  passing  o\-er    i 
lacing  points  should  not  exceed  ^8  miles  {iTy  kilometres)  an  hour. 


Pnrliigat.  —  On  the  Portuguese  Railways,  trains  running  over  junctions  have  not , 
a  higher  speed  than  38  miles  (io  kJlometresi  an  hour. 


te,  none  of  the  junctions  : 


y  ease, 
'er  at  full  £|>eed    , 


Spain.  —  On  the  Madrid -Saragossa-Alic: 
by  express  trains. 

Strinerltttiil.  —  On  the  Coihard  Railway  there  is  only  one  junction  leading  to  the  Company's 
ballast  pit.     Tiie  switch  used  is  that  known  as  the  a.  Blauel  »  apparatus. 

The  trains  on  the  main  line  which,  by  Uie  use<l  of  tliis  switch,  is  not  interrupted,  liave  a 
maximum  speed  of  37  milles  (60  kilometres)  an  hour. 

II  appears  from  the  above  thai  there  is  agreat  variety  of  regulations  as  to  the  speed 
of  trains  running  over  junctions;  some  Companies  approve  of  the  junctions  being 
run  over  at  full  speed  in  everj-  direction,  without  regard  either  lo  the  curve  of  Ihe 
diverging  branch  or  as  to  the  points  or  crossings;  other  Companies  are  not  concern- 
ed about  llm  crossings  and  facing  points  but  consider  it  necessary  lo  reduce  speed 
on  the  curved  line;  others  again  see  no  danger  in  running  over  junctions  at  full 
speed  except  in  the  case  of  facing  points  and  curved  branches;  finally,  other  Com- 
panies seem  lo  think  it  necessary  to  reduce  speed  for  all  trains  running  over  a  junction 
in  whatever  direction  it  is  approached. 

It  is  very  probable  that  some  Administrations  may  have  decided  to  limit  Ihe  speed 
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Avith  a  view  to  avoiding  collisions  rather  than  in  consideration  of  the  w^eak  points 
such  as  switches,  crossings  and  sharp  curves  referred  to. 

The  slackening  would  then  be  necessitated  so  as  to  render  the  engine-driver 
absolutely  master  of  his  train  and  to  enable  him,  consequently,  to  stop  promptly  if 
circumstances  demanded  it. 

But  the  danger  of  collisions  can  be  removed  by  the  adoption  of  the  arrangements 
which  have  been  mentioned  above.  It  will  then  only  be  necessary  to  consider  the 
weak  {>oints  of  the  junction  properly  so  called,  that  is  to  say  the  switches,  crossings 
and  junction  curves,  under  the  three  heads  of  design,  construction  and  laying 
down. 

Design. 

Different  arrangements  of  junctions,  —  There  are  three  cases  in  the  ordinary 
junction  : 

1*»  Where  both  branches  of  the  junction  are  single  line; 
2*»  Where  one  is  single  and  the  other  double; 
3®  W^here  both  branches  are  double  line. 

The  last  case  comprises,  in  relation  to  the  design,  all  the  difficulties  which  are 
encountered  in  the  first,  in  addition  to  the  difficulties  which  are  peculiar  to  itself; 
the  second  case  can  generally  be  treated  as  the  last,  because  the  single  line  is,  as  a 
rule,  doubled  near  the  junction  and  then  the  same  arrangements  are  employed  as  in 
the  third  case,  as  is  indicated  by  the  replies  received  (fig.  2). 


Fig.  2. 

There  are  examples  in  which  this  arrangement  is  not  followed;  then  in  order  to 
avoid  the  obtuse  crossings  the  arrangement  represented  by  figure  3  is  adopted. 

The  Austro-Hungarian  State  Railway  Company  has  adopted  the  arrangement 
sh^wn  in  figure  4  by  which  the  facing  points  are  avoided  on  the  main  double  line. 

Some  other  Administrations  such  as  those  of  the  Dutch,  the  Northern  of  France, 
the  Pennsylvania,  and  the  East  Indian  Railways,  of  those  who  have  responded  to  the 
questionnaire,  have  sometimes  adopted  the  arrangement  shewn  in  figure  5. 
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But  in  all  the  arrangements  shewn  in  figures  3,  4  and  5,  the  single  line  is  always 
sacrificed ;  no  Administration  admits  that  it  can  be  run  over  at  full  speed,  except 
the  Administration  of  the  Southern  Italian  Railways,  who  allow  their  trains  to  run, 
even  on  the  diverging  branch  of  a  junction  arranged  as  in  figure  3,  at  a  speed 
of  43  1/2  miles  (70  kilometres)  an  hour,  and  the  Pennsylvania  Railroad  who 
allow  their  trains  to  run  at  full  speed  on  the  single  line  of  the  junction  shewn 
in  figure  8. 

But  at  all  events  amongst  the  arrangements  represented  in  figures  2,  3,  4  and  5, 
that  of  figure  2  appears  to  be  the  best  arrangement  for  allowing  train's  to  run  at  high 
speed  even  on  the  branch  line. 


Fig.  3. 


Fig.  4. 


Fig.  5. 


It  will  be  sutticient  then  to  consider  Ihecase  of  junctions  of  two  double  lines. 

The  arrangement  most  generally  adopted  for  junctions  of  two  double  lines  is  that 
which  has  one  of  the  branches  in  a  straight  line  or  on  a  cune  of  large  radius;  more 
rarely  the  symmetrical  arrangement  has  been  brought  into  use. 


Junctions  having  one  branch  in  a  straight  line,  —  In  commencing  then  with  the 
most  general  case  it  is  evident  that  the  design  of  the  curved  line  depends  upon  the 
angles  of  the  acute  and  obtuse  crossings,  on  the  gauge,  and  on  the  intermediate 
space  between  the  two  lines  of  the  same  road. 

Let  it  be  supposed,  for  the  sake  of  simplicity  that  the  branch  diverging  from  the 


switches  U  (fig.  6)  lo  llie  obtuse  crossing  B,  is  on  a  curvo  ofa  constaiil  radius  [l.tliea 
Ihe  following  relations  exist  between  this  radius  and  the  angles  A  and  B  : 


',  and  rf  the  interval  between  the  two  lines  of  the  s 


In  order  to  have  R  as  large  as  possible  it  is  naturally  necessary  that  A  and  B  should 
be  as  small  as  possible. 

To  what  limit  can  these  angles  be  reduced? 

Ajigle  of  the  obUise  crossings.  —  The  obtuse  crossing  B  is  limited  by  the'  fact  that 
the  flatter  it  is  the  greater  will  be  the  length  of  the  gap  between  the  nose  and  the 
knuckle,  and  if  this  angle  descends  below  a  certain  limited  value  the  wheel  passing 
over  the  gap  would  be  derailed.  This  wheel  is  in  fad  prevented  from  going  out  of 
lis  direction  by  the  conjunct  wheel  (wheel  on  the  same  axle]  which  is  guided  by  the 
guard  rail  of  the  crossing  over  which  it  is  passing;  but  if  Ihe  angle  is  too  Hat  it  may 
happen  that  this  conjunct  wheel  ceases  lo  be  guided  by  the  guard  rail  before  the 
other  wheel  has  arrived  at  the  second  nose  of  the  crossing. 

M.  Schmid,  in  an  article  of  D'  V.  Roll's  Encyclopipdia  (vol.  V,  p.  216C)  finds  that 
this  limiting  angle  is  about  9°  for  a  crossing  having  the  guard  rail  at  the  same  level 
as  the  running  rail.  It  is  known,  however,  that  with  the  object  of  being  able  to 
reduce  this  angle,  a  super-elevated  guard  rail  has  been  used,  for  the  purpose  of 
prolonging  the  guidance  of  the  wheel  conjunct  lolhat  wliich  is  approaching  towards 
the  nose. 


1. 


Thes.ime  author  has  found  fur  asuper-clevnlion  of  2  inches  i50  ni ill inif  Ires)  — a 
superelevation  which  is  rarely  surpassed  on  account  of  the  clearance  required  for 
the  rolling  stock  —  that  if  the  angle  of  the  crossing  was  less  than  7*  4",  of  which 
the  tangent  is  about  1  lo  8,  there  would  be  a  certain  length  in  the  CTOSSing  where 
the  wheel  would  be  without  guidance. 

For  the  determination  of  these  results,  it  has  been  supposed  that  the  gauge  is 
4  feet  8 1/2  inches  ({"'ISo),  that  the  distance  between  the  mathematical  point  of  the 
crossing  and  the  wing  rail  is  i.8  inches  (45  millimetres),  and  between  the  actual  ' 
point  and  ihe  same  wing  rail  2  inches  (49  millimetres);  that  1  foot  8  inches  , 
(500  millimetres]  is  the  radius  of  the  wheel  to  be  guided,  and  0.4  inch  (10  milli- 
metres) the  thickness  of  the  actual  point  which  has,  moreover,  been  supposed  lo  be 
at  the  same  level  as  the  beariiig  rail. 

However  these  conditions  and  the  resulls  which  are  derived  from  them  are  not 
strictly  valid  for  all  systems. 

It  may  be  added  that  the  theoretical  condition,  generally  admitted  in  these  investi-     I 
gallons,  that  the  axle  is  constantly  at  right  angles  to  the  axis  of  llie  line  may  some-     | 
times  not  hold  good,  especially  when  there  is  not  a  certain  length  of  straight  at  the 
crossing,  or  indeed  when  this  condition  being  fulRlled,  the  axle  considered  has  not 
a  rigid  connection  with  the  next  one  or  forms  part  of  a  truck  with  a  very  short 
wheel  base. 

The  above  result  indicates  nothing  absolute;  but  it  senes  to  give  an  approximate 
idea  of  the  minimum  angle  of  the  obtuse  crossing. 

In  fact  nearly  all  the  Administrations  whohave  replied  to  the  questionnaire  emplojr 
obtuse  crossings  of  which  the  tangents  are  equal  to  or  higher  than  1  to  8, 

In  France  however,  on  the  Northern  system,  obtuse  crossings  are  employed  of 
v^hich  the  tangent  is  1  lo  9,  witli  the  guard  rail  super-elevated  2.4  inches  (60  milU- 
inetres}. 

As  will  be  seeji  the  angle  Is  a  little  less  than  that  of  1  to  8  indicated  above;  but.on 
the  other  hand,  the  super-elevation  of  the  guard  rail  is  a  little  higher  than  that  of  I 
2  inches  (50  millimetres)  taken  by  M.  Schmid. 

On  the  Midi  of  France  system,  a  crossing  with  an  angle  of  1  to  9  is  about  lo  be 
adopted  with  a  guard  rail  super-elevated  2.2  inches  (57  millimetres),  which  will 
then  be  in  nearly  the  same  conditions  as  those  on  the  ^orlhern. 

The  Western  of  France  use  crossings  of  which  the  tangent  is  1  to  10.4.  the  guard 
rail  having  a  super-elevation  of  2.8  inches  (70  millimetres). 

The  Lancashire  and  Yorkshire   Railway  which,  as   suited   previously,   permiU 
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junctions  to  be  passed  over  at  full  speed  in  every  direction,  uses  diamond  crossings 
of  which  the  tangent  is  as  small  as  1  to  10,  and  the  guard  rail  is  not  super-elevated. 

This  signifies  that  practically,  if  the  crossing  is  well  laid  down,  it  can  be  run 
over  without  danger  even  when  its  angle  is  below  the  usual  limit  and  when  the 
guard  rail  has  no  super-elevation. 

The  inertia  of  movement  then  enters  into  play  and  tends  to  maintain  the  travelling 
of  the  wheel  in  the  initial  direction ;  from  this  point  of  view,  an  increase  of  speed, 
which  reduces  the  time  during  which  any  disturbing  force  can  throw  the  wheel  out 
of  its  direction,  would  be  favourable  to  safety,  as  has  already  been  observed  by 
Sir  H.  Findlay  in  his  Report  relative  to  the  question  of  the  lines  for  express  trains 
(Bulletin  du  Congrh  d892,  p.  3031)  ('),  provided  naturally  that  the  conditions  of  the 
appliances  be  such  that  the  train  can  travel  smoothly  over  the  crossing. 

It  is  no  less  true  however  that  if,  by  chance,  any  disturbing  force  whatsoever,  a 
sudden  application  of  the  brakes  for  instance, should  cause  an  oscillation,  or  a  blow 
to  the  wheel,  whilst  it  is  running  over  this  part  of  the  crossing,  where  it  is  not 
guided,  a  derailment  would  very  likely  occur. 

With  the  object  of  avoiding,  or  at  least  of  lessening  this  danger,  the  adoption  of 
a  super-elevated  guard  rail  and  of  an  angle  sufficiently  open  in  order  that  the 
guidance  of  the  wheel  is  not  deficient,  seems  then  to  be  very  advisable. 

the  influence  of  the  value  of  the  angle  upon  the  probability  of  derailments  is 
shewn  by  the  evidence  of  the  table  of  derailments  made  for  a  period  of  four  years 
on  the  system  of  the  London  and  North  Western  Railway,  which  is  inserted  in  the 
report  of  Sir  H.  Findlay  above  mentioned. 

The  relations  between  the  number  of  derailments  in  the  period  indicated  and  the 
number  of  the  crossings  may  be  deduced  as  follows  : 


Number  of  obtuse  crossings  hav  •      j  / « 
tng  the  inclination  of     .     .        ' 

1/5 

1/6 

1/7 

1/8 

1/9 

1/10 

1/11 

Relation  between  the  number  of  J 
derailments  and  the  number  of  >     « 
the  crossings J 

0.033 

0.086 

0.166 

0.397 

0.507 

0.650 

2.50 

It  will  be  seen,  that  the  flatter  the  angle  of  the  crossing  is,  the  more  numerous  are 
these  derailments. 


(*)  See  also  the  Compte  rendu,  of  the  fourth  session,  1st  vol.,  question  VI. 


Conclusion  :  it  can  therefore  be  affirrned  that,  from  the  results  of  calculation  ami 
from  the  rules  practically  followed  by  most  of  the  Admiiiislrations,  it  is  advisable 
not  to  adopt  an  angle  appreciably  less  than  7",  or,  what  amounts  lo  ihe  same  lliing^J 
an  inclination  less  than  1  to  8. 

Angle  of  the  ordiitm-y  acute  crosshigs.  —  With  regard  to  the  ordinary  acute  croSB^ 
ings  values  much  lower  than  those  indicated  above  for  the  obtuse  crossings  can  b 
used  without  inconvenience. 

Theorotically  it  may  even  be  said  that  there  is  no  limit  for  the  angle  of  ordinal 
crossings,  because  however  low  it  may  be,  the  w  heel  passing  over  the  gap  of  tl 
crossing  is  continuously  guided  by  its  conjunct  wheel,  which  can  only  be  displaced 
to  such  an  extent  as  the  guard  rail,  always  placed  at  the  side  of  the  rail  carrj'ing 
this  wheel,  permits  it. 

However,  in  practice  it  is  impossible  to  descend  below  a  certain  value;  the  less 
the  angle  of  the  crossing  is,  the  longer  is  the  gap,  which  is  always  a  weak  point  of 
the  appliance,  and  the  more  accentuated  becomes  the  action  of  shearing  exerted  b 
Ihe  lire  of  ihe  wheel  which,  leaving  the  point,  is  carried  on  the  wing  rail. 

A  very  low  angle  carries  v\ith  it,  further,  the  necessity  of  thinning  the  nos 
excessively,  which  may  then  become  too  weak  and  bend  or  even  break  under  the  i 
action  of  the  lateral  pressures  and  the  shocks  caused  by  the  wheels.     It  is  quite  true  -j 
that  the  guard  rail  should  eliminate  these  pressures  and  shocks,  but  small  altera- 
tions in  the  gauge  of  the  line  or  wheels,  litlle  displacements  of  the  guard  rail,  the 
wear  of  the  tires  and  fixed  pieces,  elc,  can  though  possibly  only  exceptionally,  c«iiii- 
bine  in  such  a  manner  that  the  wheel  may  strike  the  nose  of  the  crossing. 

It  may  be  added  that  a  very  thin  nose  is  not  always  easy  to  construct,  especially  if 
the  crossing  is  made  of  steel  in  a  single  piece. 

A  very  low  angle  of  the  common  crossing  would,  further,  increase  excessively  the 
length  nf  the  switch.  With  regard  to  this  inconvenience  certain  special  cases  may 
be  taken,  such  as  junctions  between  stations.  But  in  this  case,  at  least  when  it  is  a 
question  of  u  junction  of  two  double  lines,  the  minimum  angle  of  the  common 
crossing  depends  to  a  certain  extent  on  the  minimum  angle  of  the  obtuse  crossing. 

Thus,  forexampit;,  ifit  is  supposed  that  the  angle  B  of  the  obtuse  crossing  (fig.  6) 
is  7"  T'  3"  corresponding  to  the  tangent  \  lo  8,  and  if  in  the  formulas  (a)  and  {h) :    i 

/  =  4f.'ol9  inches  (l'°445|  t/  =  6f..«t  11  lr2iuchcs  (2^12). 

wliicli  values  are  most  frequently  adopted,  the  following  result  is  obtained  : 
A  =  i<-32<  lonp.  A  -  0.08  il  :  12.5). 
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Any  lower  angle  than  4**  32'  would  have  the  advantage  of  increasing  the  radius 
of  the  curve  behind  the  switch,  but  would  also  have  the  inconvenience  of  lessening 
the  radius  of  the  curve  between  the  ordinary  crossing  and  the  obtuse  crossing. 

This  inclination  of  0.80  =  1  to  12.5may,  moreover,  be  considered  as  theminimum 
inclination  actually  adopted  by  the  Administrations  who  have  replied  to  the  Ques- 
tionnaire. 

The  Companies  of  the  United  Kingdom  generally  make  use  of  angles  greater  than 
that  of  0.08  (1  to  12.3).  There  are  very  few  exceptions  amongst  those  who  have 
replied ;  thus,  the  Lancashire  and  Yorkshire  Railway  employ  crossings  of  which  the 
inclination  is  as  low  as  0.077  (1  to  13);  on  the  London  and  Western  Railway  the 
minimum  angle  of  the  crossings  is  0.067  (1  to  13);  and  the  Great  Northern  Railway 
even  have  crossings  of  which  the  inclination  is  only  1  to  23,  but  this  last  inclination 
would  probably  only  be  found  in  entirely  special  cases. 

In  the  United  States,  on  the  system  of  the  Pennsylvania  Railroad  Company,  the 
minimum  angle  of  the  crossings  is  3^  49',  corresponding  to  a  tangent  of  0.067 
(1  to  13). 

But,  with  the  exception  of  these  cases,  the  value  of  the  angle  of  the  crossing  is 
never  lower  than  0.80  (1  to  12.3),  at  least  not  in  the  junctions  under  consideration. 

In  Austria,  for  example,  on  the  State  Railway  Company's  system  and  on  the 
Southern  system,  the  minimum  inclination  is  0.083  (1  to  12),  whilst  on  the  North 
Western  it  is  0..093  (1  to  10.3). 

On  the  system  of  the  Belgian  State  Railways,  it  is  0.08  (1  to  12.3);  on  the  Danish 
State  system  0.083  (1  to  12). 

In  France,  on  the  Northern,  Paris-Lyons-Mediterraneaan  and  Midi  0.09  (1  to  H), 
on  the  Eastern  0.096  (1  to  10.4),  on  the  Western  0.083  (i  to  12). 

In  Holland,  on  the  Dutch  Railway  0.10  (1  to  10),  in  Italy  0.09  (1  to  11),  etc. 

It  may  then  be  concluded  that,  with  a  few  exceptions,  the  inclination  of  0.08 
(1  to  12.3)  is  the  minimum  one  generally  adopted  for  the  acute  crossings  of  junctions. 

Design  of  the  two  branches  of  the  crossings.  —  Another  consideration  relative  to 
the  design  of  the  crossings  remains  to  be  considered. 

In  the  non-symmetrical  junction,  which  will  betaken  first,  the  diverging  branch 
of  the  obtuse  and  acute  crossings  is  sometimes  laid  down  on  a  continuous  curve, 
according  to  the  theoretical  design  considered  in  figure  6. 

At  other  times,  on  the  contrary,  short  lengths  of  straight  are  introduced  in  the 
curve  of  the  diverging  line  to  the  right  of  the  crossings  in  order  that  the  two  legs  of 
the  crossings  may  be  laid  down  in  a  straight  line. 


Thi>  si'mml  of  lliesc  arnuiKenienls  is  ihiit  iikisi  usually  adoplfd ;  il  is 
tho  case  wher^  the  crossings  are  niado  of  steel  i-ast  in  a  single  piece,  and  many 
Administrations  think  it  is  also  usuful  where  the  crossings  are  fonned  of  rails,  in 
iirdw  U>  avoid  the  danger  of  the  wheel  taking  a  false  direction  when  passing  over  the 
flap  tif  tho  crossings,  a  danger  whicli  is  especially  rurmidable  in  the  curved  setting 
uwt.  boiwise  it  is  ditticult  and  sometimes  even  impossibli.'.  in  this  case,  to  lay  down 
tlw  crosftings  with  the  super-elevation  of  the  eslerior  rail, 

Tho  Jiorlhcrn  and  Eastern  of  France,  for  exampU-,  as  well  as  many  English 
Com|Mn)('s.  always  place  the  constituent  parts  of  their  crossings  formed  of  rails 
tit  »  struight  line. 

There  ary,  however,  some  Companies  who  prefer  to  set  out  the  diverging  line 
III  H  otmtinuous  curve,  even  in  the  crossings. 

Manv  Knglish  l^umpnnies  and  the  Belgian  State  Adniinistralion.  amongst  others, 
rv>lh>w  this  nil«. 

In  Ih0  ri>ply  to  question  16  (see  appendix),  the  Belgian  State  Administration  shows 
whiilit  does  in  this  matter;  the  acute  or  obtuse  crossing  is  constructed  straight  and 
pitici'd  tiing«nlially  to  thecurve,but,  in  the  course  of  laying  it  down.the  legs  on  the 
dlu'rglng  line  art^  bent  in  such  a  manner  as  to  obtain,  as  nearly  as  possible,  a 
iintfiTiii  riirvo. 

tntei'Vi'»i»i  roils. — The  angles  of  the  crossings  being  settled  the  radii  of  the 
Ot'llHWllug  I'urvos  arc  then  determined. 

If,  fl^r  t'<kaniple,  in  returning  to  tlie  theoretical  design  of  figure  6,  it  is  supposed 
m  iihlitM>  rroNsiiig  having  an  angle  of  7"  7'  30",  of  which  the  tangent  is  1  to 
t<iltpl«t>«^l  ul  It  and  if  the  following  values  are  used  in  the  formula  (Ii). 

(  _  4  ti«l  0  iiirheg  |1'"445)  d  =  f>  feet  11  1/2  iuL-lics  [2"12) 

thtMt 


II  iiie 

I 


\M*  It  H  rudili!)  which  is  very  rarely  exceeded  for  the  non-symmetrical  junctions 
UUtlW  wHilihtralimi.  Sometimes  however  by  the  use  of  very  acute  crossings  and 
k\  llio  ftdi'plhiil  >>r  w  idened  intermediate  spaces  between  the  lines,  greater  cunes 

Itti  \\\v  |.oHd»m  and  North  Western  llailway,  for  example,  there  are  junct 
wUV'W  m\W\<^  |« liiMii tlian  30 chains (602  metres) in  radius. 

HUI  I)h>  V«kUu>  t>f  the  theoretical  continuous  curves  would  be  reduced,  i 
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This  reduction  which  depends  on  the  lengths  of  the  straight  portions  which  are 
iserted  in  the  curve,  is  commonly  very  remarkable,  the  normal  gauge  and  width 
f  the  interval  between  the  lines  of  way  being  relatively  small. 

If,  for  example,  it  is  desired  to  leave  on  either  side  of  the  crossings  a  straight 
ortion  9  feet  10  inches  (3  metres)  in  length,  and  if  the  acute  crossing  be  taken 
nder  an  angle  of  4**  34'  30"  (tangent  0.08)  and  the  straight  switch  19  feet  8  inches 
)  metres)  long,  has  a  clearance  of  4.33  inches  (11  centimetres)  at  the  heel,  the  inter- 
ening  rails  between  the  heel  of  the  switch  and  the  crossing  can  only  be  set  out 
rith  a  radius  of  about  18  chains  (360  metres). 

But  even  this  radius  of  18  chains  (360  metres)  cannot  be  attained  for  the  inter- 
ening  rails  between  the  acute  and  obtuse  crossings  if  the  interval  between  the  lines 
f  way  of  the  same  road  at  the  junction  is  within  the  limits  ordinarily  adopted. 

In  fact,  if  an  obtuse  crossing  having  an  angle  of  7*^  V  30"  (tangent  0.125)  is 
sed,  and  if  a  straight  portion  9  feet  10  inches  (3  meters)  in  length  on  each  side  of 
iie  acute  and  obtuse  crossings  is  always  maintained,  the  width  of  the  interval 
etween  the  two  lines  of  way  of  the  same  road  necessary  in  order  that  the  inter- 
ening  rails  indicated  above  can  be  set  out  with  a  radius  of  18  chains  (360  metres) 
5  9  feet  S  1/4  inches  (2'"88)  at  least,  whilst  practically  the  width  of  this  interval 
J  generally  between  6  feet  6  3/4  inches  (2  metres)  and  8  feet  2  1/2  inches  (2"80)« 

If  it  is  desired  to  keep  within  these  limits  without  reducing  the  angles  of  the 
rossings,  it  w  ould  be  necessary  to  be  content  with  sharper  radii  for  the  intervening 
ails,  or  with  straight  portions  having  a  length  so  limited,  that  it  would  not  only  be 
r'orthless  to  employ  them  but  it  would  be  more  useful  to  adopt  a  setting  out  in  a 
ontinuous  curve. 

This  will  explain  the  reason  why  some  Administrations,  whilst  using  acute  and 
btuse  crossings  approaching  in  value  the  angles  indicated  above,  have  in  their  non- 
ymmetrical  junctions  the  intervening  rails  set  out  with  a  radius  of  only  15  chains 
)00  metres)  and  in  some  cases  still  less. 

Switclies.  —  There  is  an  even  more  dangerous  point  in  the  design  of  junctions 
[lan  in  the  curved  intervening  rails  of  small  radius. 

For  the  diverging  switch  the  theoretical  design  of  fig.  6  cannot  be  followed,  even 
rhen  using  the  curved  switch,  because  of  the  limited  length  of  the  switch  and  of  the 
ecessity  of  preserving  sufficient  clearance  at  the  heel  of  the  switch  for  the  free 
massage  of  the  wheels  on  the  stock  rail. 

The  length  of  the  switch  should  not  exceed  as  a  rule  19.68  feet  (6  metres)  and  the 


clearance  at  the  heel  being  generally  more  than  4,33  inches  (11  centimetres),  the 
radius  of  the  curvature  of  the  switch  would  be  normally  less  than 

(19.68)*         ,  ,    .       ,  ., 
—5^  =  e  chains  [IbJ  meters), 

"I2" 

But  the  curved  switch,  the  use  of  which  is  common  enough  in  Germany,  is  not 
employed  by  the  Administrations  who  have  replied  lo  the  questionnaire,  with  ihc 
exception  of  those  of  the  Southern  of  Austria,  Ihc  Xew  South  Wales  Government. 
and  the  Portuguese  Railways. 

The  necessity  of  niuUiplying  the  number  of  switch  types,  and  the  facilily  witl» 
which  the  curvature  of  the  switches  can  be  modified  during  manipulation,  or  by 
atmospherical  variations,  are  perhaps  the  principal  reasons  which  have  prevented 
the  general  use  of  curved  switches. 

In  employing  the  straight  switch,  there  is  at  the  point  an  angle  of  deviation,  which, 
for  the  values  indicated  above  of  the  clearance  at  the  heel  and  the  length  of  th^? 
switch,  would  have  a  tangent 

4.33 


19.68 


=  0.0183. 


In  spite  of  the  adoption  of  very  acute  crossings,  by  which  curves  of  suflicicnll  •*! 
large  radii  are  obtained  for  the  intervening  rails,  it  is  impossible  to  avoid  In  Ih^e'T' 
design  of  the  diverging  line  this  weak  feature  of  the  switch  ;  the  existence  of  this  m^  " 
equivalent  to  the  insertion  of  a  small  curve  having  a  radins  of  8  chains  (163  mclrec^^^ 
at  the  most,  or  to  a  sharp  deviation  at  the  point  of  Ihe  switch  of  which  the  effei^' 
would  be  still  more  dangerous  than  that  of  a  curve  of  smalt  radius, 

it  is  perfectly  true  that  some  Administrations  exceed,  in  the  length  of  Iheii' 
switches,  the  lenglh  above  indicated  of  19.68  feet  (6  melresl.  The  Belgian  .SiaU^*-*"^ 
for  example,  at  Ihe  junctions  of  International  lines,  has  adopted  a  switch  23.78  fees*' 
{T-^o)  long.  It  is  necessary  however  to  add  that  the  head  of  the  rail  of  a  special 
section,  constituting  the  switch,  has  like  the  slock  rail  a  width  of  2.83  inched* 
{72  millimetres}  and  that  consequently  the  clearance  at  the  heel  is  necessarily  mop** 
than  4.33  inches  (110  milimetres);  it  is  as  a  matter  of  fact  4.803  inches  (122  milS  '  * 
metres). 

Another  example  may  be  cited,  namely,  that  of  the  Glasgow  and  South  Wester  ~" 
Railway,  type  1894  (annexed,  fig,  69),  which  is  30  feet  (O^li)  long. 
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But  these  are  the  exceptions,  because  most  of  the  Administrations  employ  switches 
the  length  of  which  does  not  exceed  the  limit  of  19.68  feet  (6  metres)  indicated,  for 
;he  purpose,  probably,  of  not  causing  the  working  of  the  switches  to  be  too  hard, 
ind  of  not  increasing  excessively  the  length  of  that  portion  of  the  switch  lying 
Detween  the  heel  and  the  point  where  it  commences  to  lean  against  the  stock  rail, 
is  an  excessive  length  of  this  portion  would  give  place  to  dangerous  flexures. 

Speed  attainable  in  relation  to  the  design  :  In  these  conditions,  can  the  slackening 
of  the  speed  of  express  trains  which  run  over  the  cur\^ed  branch  of  a  junction,  the 
other  arm  of  the  junction  being  in  a  straight  line,  be  dispensed  with? 

A  curve  of  a  radius  of  22  1/2  chains  (430  metres)  is  already  made,  by  many  Admin- 
istrations, a  reason  forj  a  limitation  of  speed,  even  if  it  is  on  the  running  line  and 
when  consequently  all  the  super-elevation  necessary  can  be  applied,  which  is  not 
ihvays  able  to  be  done  on  the  curves  of  junctions. 

If  the  necessity  of  reducing  this  radius  sensibly  is  added,  when  it  is  desired  that 
he  legs  of  the  crossings  shall  be  in  a  straight  line,  and  also  the  still  more  serious 
circumstance  of  the  sharp  divergence  at  the  point  of  the  switch,  it  will  be  understood 
vhy  most  Administrations  have  found  it  until  now  prudent,  if  not  necessary,  to 
jrescribe  a  reduction  of  the  speed  when  passing  over  the  divei^ing  line  of  junctions 
laving  the  other  line  straight. 

This  measure  of  safety  has  been  adopted  by  some  Administrations  whose  junctions 
possess  curves  which  may  be  classed  amongst  the  least  sharp. 

The  Belgian  State  and  the  Glasgow  and  South  Western  Railways  may  be  cited  as 
m  example,  who  have  respectively  at  a  few  of  their  junctions  curves  of  22  1/2  chains 
4o0  metres)  and  20  1/2  chains  (412  metres)  radius  and  very  long  switches. 

However,  there  are  also,  as  has  already  been  seen.  Administrations  who,  although 
laving  curves  of  very  low  radii  at  their  junctions,  allow  them  to  be  passed  over  at 
ull  speed  in  every  direction. 

That  of  the  Danish  State  Railway,  for  example,  who  allow  junctions  to  be  passed 
>ver  with  a  speed  of  56  miles  (90  kilometres)  an  hour  on  curves  of  15  1/2  chains 
315  metres)  radius  and  without  super-elevation,  is  in  this  position. 

From  the  replies  of  the  English  Companies,  who  do  not  limit  the  speed  of 
rains  passing  over  the  curves  of  junctions,  the  Reporter  has  not  always  been  able  to 
liscover  the  radii  of  these  curves;  but  judging  from  the  angles  of  the  crossings  be  is 
ed  to  believe  that  these  radii  are  somewhat  limited. 

On  the  Italian  Adriatic  Railways  a  speed  of  43  1/2  miles  (70  kilometres)  an  hour  is 


allowed  onourvtul  branches  wjiirli  ;U  sunif  pciiitsliavea  railius  lower  than  iO  chains 
(201)  metres). 

It  would  appear  then  that  wiib  a  rolling  slock  suitable  lor  passing  over  ver\- sharp 
curves,  with  special  care  inthe  layingdownand  inthe  maintenance  of  Ihe  appliances 
of  the  junolion.  and  eventually  by  particular  arrangements  made  with  a  view  ti* 
strengthen  the  line  in  the  cun'es  wilhoul  super-eievalion,  arrangements  which  will 
be  noticed  later,  the  speed  of  the  trains  can  be  maintained  in  every  direction  of  the 
junctions,  in  spite  of  ihe  ditlicullies  of  the  design. 

The  possibility  of  running  over  very  sharp  curves,  even  without  super-elevation 
at  very  considerable  speeds,  has  besides  been  substantiated  by  the  experiences 
at  Noisy,  which  formed  a  subject  of  discussion  during  the  fourth  session  of 
Congress. 

Notwithstanding  this  being  proved,  it  ought  however  to  be  repeated  that  up  to  the 
present  most  Administrations  prescribe  the  slackeniug  of  the  speed  of  trains  on  the 
diverging  line. 

Synimet I  icat  Junctions.  —  If  the  two  lines  of  the  junction  run  over  by  express 
trains  are  of  equal  importance,  it  appears  advantageous  to  employ  the  symmetrical 
junction,  by  which  the  two  lines  would  divide  between  them  the  ditliculliea  of  the 
divergence  and  would  also  be  in  equal  conditions  even  in  relation  to  the  design. 

If  the  limiting  angle  of  the  acult'  crossings,  having  a  tangent  of  0.08,  and  the 
limiting  angle  of  the  obtuse  crossings,  having  a  tangent  of  0.123.  be  maintained  a 
theoretical  design  would  bo  arrived  at  of  which  the  two  branches  of  the  junction 
would  liave  radii  of  about  4i  1/2  chains  (900  metres). 

Rut  it  would  be  impossible  even  in  this  case  to  realise  the  theoretical  design  to 
the  right  of  the  switches. 

For  a  curved  switch,  having  a  length  of  19.68  feel  |6  metres)  and  a  clearance  of 
i.as  inches  (II  centimetres!  at  the  heel  the  radius  of  curvature  of  the  switch  could 
not  be  greater  than  16  chains  (327  metres);  iu  adopting  a  straight  switch,  as  is  the 
usual  custom,  a  sharp  divergence  would  Ik<  encountered  at  the  point,  of  which  Ihe 
cttecl  would  be  still  more  (fisadvaniageous  than  that  of  the  small  curve  of  16  clmius 
(327  metres)  radius.  Both  lines  would  suffer  this  inconvenience,  the  improvement 
that  could  be  given  to  the  design  of  one  branch  by  the  symmetrical  arrangement 
being  to  the  detriment  of  the  design  of  the  other  branch. 

It  is  for  this  reason  that  many  Administrations  prefer  to  sacrilice  one  oflbe  ivm 
lini's  in  order  that  a  completely  correct  design  ni;iy  be  adopted  for  the  otlier. 


But  when  it  is  desired  to  allow  both  branches  of  the  junction  to  be  run  over 
at  full  speed,  it  appears  that  the  symmetrical  design  is  the  preferable  one. 

It  is  on  symmetrical  junctions  where  a  curve  of  a  lower  radius  than  30  chains 
(600  metres)  does  not  exist,  that  the  Northern  of  France  Railway  is  about  to  allow 
trains  to  pass  over  in  every  direction  at  full  speed,  and  further  that  the  Adminis- 
tration of  the  Dutch  Railway  allows  the  two  branchs  of  symmetrical  junctions  to  be 
passed  over  at  full  speed  by  trains  approaching  training  points,  whilst  it  prescribes 
the  slackening  of  speed  of  trains  running  over  the  curved  branch  of  a  non-sym- 
metrical junction  even  when  they  approach  trailing  points. 

Gonstmction . 

Without  entering  into  all  the  details  of  the  construction  of  the  different  parts  of 
a  junction,  that  is  to  say  the  switches,  crossings  and  intervening  rails,  the  Reporter 
proposes  to  consider  a  few  of  those,  which  appear  to  be  the  most  iniportant  from 
the  standpoint  of  the  safety  of  express  speeds. 

Switches.  —  With  regard  to  the  switches,  beyond  their  length  and  their  straight 
or  curved  form  which  have  been  already  noticed,  their  profile  ought  to  be  taken  into 
consideration,  on  which  depends  : 

l"  The  possibility  of  leaving  the  stock  rail  of  the  switch  intact,  or  the  necessity  of 
enfeebling  the  section  of  this  rail  by  planing  the  tables; 

2°  The  possibility  of  giving  a  sufficient  rigidity  to  the  switch  in  order  that  it  may 
resist  the  vertical  and  lateral  forces  transmitted  by  the  rolling  loads; 

3**  The  possibility  of  obtaining  easily  a  good  connection  between  the  switch  and 
the  adjoining  rail. 

With  regard  to  the  switches  formed  of  rails,  it  is  generally  objected  that  they  are 
less  advantageous  than  those  formed  of  special  bars  in  relation  to  the  circumstances 
mentioned  in  Nos.  1  and  2 ;  and  on  the  other  hand  switches  formed  of  bars  are 
objected  to  on  account  of  the  difficulty  of  making  a  satisfactory  connection  with  the 
adjoining  rail. 

It  is  necessary,  however,  to  obser\'e  that  the  necessity  of  planing  the  stock  l*ail 
only  occurs  when  Vignoles  rails  are  used;  it  ceases  generally  if  bull-headed  hiil^ 
are  used 

With  regard  to  the  rigidity  of  the  switch  it  is  quite  true  that  by  the  use  of  a  suita- 
bly profiled  bar  a  switch  can  be  obtained  having  a  greater  resistance,  than  ordinary 


swiuhes  formed  of  rails,  lo  lateral  forces  exerted  by  Ihe  wheels  oq  tliat  portion  of 
the  switch  which  Is  not  in  contact  with  the  stock  rail. 

The  inferiority  of  switches  formed  of  rails  in  this  regard  is  especially  notable  in 
the  ease  where  they  are  formed  of  bull-headed  rails. 

But  this  inconvenience  with  switches  formed  of  rails  can  be  remedied,  at  least 
partially,  by  means  of  studs  ordinarily  formed  by  the  proloDgalion  of  the  heads  of 
the  bolts  fastening  the  stock  rails  lo  the  chairs. 

And  moreover  the  greatest  danger  of  the  llexures,  sustained  by  Ihe  switch  under  the 
action  iif  the  forces  above  mentioned,  would  consist  in  that  they  would  tend  to  force 
open  the  necessarily  very  weak  point  of  the  switch  ;  but  this  danger  is  overcome  if 
the  point  is  well  secured  to  the  stock  rail  by  a  plunging  appliance,  an  appliance 
which  facing  points  are  generally  supplied  with. 

With  regard  to  the  resistance  to  vertical  forces,  the  switch  can  always  be  construct- 
ed in  such  a  manner  that  the  point  is  elTaced,  for  a  certain  length,  close  its  origin, 
under  llio  stock  rail,  and  does  not  commence  to  carrj'  the  load  until  it  has  acquired 
siiflicient  strength. 

In  fad,  in  spite  of  the  inconveniences  encountered  in  switches  forme<l  of  rails, 
they  arc  usually  employed  in  England,  where  there  are  most  junctions  run  over  at 
full  speed.  In  England,  the  line  being  ordinarily  laid  with  bull-headed  rails,  the 
Bwitctics  do  not  necessitate  the  inconvenience  of  planing  the  stock  mil. 

But  other  Administrations,  the  Eastern  of  France  for  instance,  use  switches 
formed  of  ordinary  Vignoles  rails  even  at  junctions  run  over  at  full  speed. 

One  of  the  reasons  why  a  great  number  of  Administrations  prefer  these  switches 
to  be  formed  of  ordinary  rails  is  doubtless  the  facility  of  re-uniting  them  to  the 
adjoining  rails. 

This  connection  can  be  made  in  fact  by  chairs  and  tie-bolts  of  a  very  simple  form 
and  by  fish  plates  having  the  ordinary'  profile. 

The  joint  with  switches  formed  of  rails  has  also  been  made  a  suspended  one  as  on 
some  English  Railways  (fig.  7). 

The  connection  of  the  switch  to  Die  adjoining  rail  is  much  more  dillicult  when  th»^ 
switch  is  formed  of  a  bar  of  special  profile,  especially  if  with  a  view  to  planing  thi^- 
switch  and  stock  rail  as  Htlle  as  possible,  wide  and  shallow  bars  are  used  for  thisf^ 
construction  of  the  switches. 

Nevertheless,  the  problem  of  obtaining  a  good  connection,  even  with  switches^ 
formed  of  bars,  has  been  studied  and  solved  in  many  ways  more  or  less  simple. 

(Ill  tlir  system  of  Ihe  hanisli  State  Railway,  for  example,  the  switch  is  forged  at  tln^ 
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lieet,  of  which  the  profile  is  then  similar  to  that  of  a  Vignoles  rail  having  the  same 
height  as  the  normal  rail  (see  fig.  43,  appendix). 

The  rotation  of  the  switch  is  made  around  a  pivot  lodging  in  a  circular  cavity 
situated  at  the  base  of  the  heel  of  the  snitch ;  the  vertical  movement  of  this  heel  is 
prevented  by  the  prolongation  of  the  fish-plates,  bolted  to  the  adjoining  rail. 

In  Austria,  the  Administrations  who  have  replied  to  the  questionnaire,  that  is  to 
say  the  State  Railway  Company,  the  North  Western  and  the  Southern  Railways, 
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employ  exclusively  switches  formed  of  bars  shaltower  than  the  ordinarj'  rail.  In 
figure  ii  (appendix)  the  profile  of  the  switch  used  on  the  Austrian  North  Western 
Railway  is  shewn. 

Id  Belgium,  on  the  State  system,  switches  formed  of  rails  of  a  special  profile  are 
used,  of  which  the  form  of  the  head  and  width  of  the  bottom  table  are  the  same  as 
in  the  normal  rail,  Goliath  type  weighing  lOS  lbs  per  yard  (S2  kilogrammes  per 
metre),  and  of  which  the  web  is  of  less  height  but  thicker  than  that  of  the  normal 
rail.  For  the  connection  of  this  switch  to  the  adjoining  rail  special  iron  chairs  have 
been  adopted  provided  with  circular  steel  pivots  around  which  the  rotation  of  the 
switches  is  made. 

The  pivots  prevent  the  sliding  of  the  switch  and  adjoining  rail,  and  iron  tie-bolts 


between  the  chairs  and  slock  rails  prevent  vertical  movement  (see  fig.  23  to  9 
appendix). 

The  Belgian  Slate  Railway  Admin istralion  appears  to  be  satislied  with  this  c 
slruclioQ  as,  in  reply  to  question  16,  it  slates  that  the  appliance  has  great  solidity 
and  more  simplicity,  owing  to  the  suppression  of  accessory  pieces. 

Another  solution  which  has  been  adopted  by  some  Companies,  those  of  the  Italian 
Mediterranean  and  Adriatic  Railways  amongst  others,  is  to  construct  the  switches  by 
means  of  bars  of  special  profile  the  height  of  which  is  equal  to  that  of  the  adjoining 
rail.  This  solution  has  some  of  the  advantages  and  inconveniences  of  the  two  solu- 
tions considered  up  to  the  present. 

The  heel  chair  in  use  on  the  system  of  the  Mediterranean  Railway  la  represented 
by  figures  8,0  and  10. 

It  maybe  noted  in  passing  that,  in  this  case,  the  joint  of  the  switch  is  on  the  same 
chair  as  the  joint  of  the  slock  rail,  whilst  many  other  Administrations  endeavour  not 
to  make  these  two  points  coincide,  by  prolonging  the  stock  rail  beyond  the  heel  chair; 
the  ronncflion  of  this  rail  to  the  adjoining  rail  can  then  be  made  by  suspended  joint. 
Nothing  however  need  hinder  the  adoption  of  this  arrangement  in  the  case  above 
cited,  with  the  exception  that  it  would  be  necessary  lo  introduce  some  variation  in 
the  type  of  the  chair. 

it  is  also  desirable  that  the  joint,  at  the  other  end  of  the  stock  rail  should  be  at  a 
short  distance  beyond  the  point  of  the  switch,  in  order  not  to  expose  Ibis  point  to 
the  shocks  of  the  wheels  passing  over  the  joint,  since  the  sleepers  at  this  joint  tend, 
more  than  at  the  intermediate  sleepers,  to  lower  themselves  under  ihe  action  of  th» 
rolling  loads. 

The  .\d ministration  of  the  Western  of  P'ranco  Railway  whilst  employing  ordinary 
rails  for  Ihe  switches  from  buil-headed  rails,  makes  use  of  bars  deeper  than  the  nor- 
mal mil  and  having  their  base  inclined  at  1  to  20  to  the  axis  of  the  web,  for  the 
iwilches  from  Vignoles  rails. 

(In  the  Midi  of  France  Railway  a  strengthened  Vignoles  profile  is  used  weighins" 
124  lbs  per  yard  (61'300  kilogrammes  per  metre). 

(Ill  ilie  I'aris-Lyons-Medilerranean  Railway  a  non-symmetrical  Vignoles  proflle  is 
uamt  of  which  the  web  has  an  inclination  of  d  to  20  when  the  base  is  horiionlal. 

On  the  Northern  of  France  Railway  also  the  switches  are  made  by  means  of  rails 
iiftpt'cinl  profile  of  which  the  web  is  inclined  at  1  to20lo  the  base,  the  sliding  tables 
(III  lb"  I'hiiirs  being  horizontal.  These  special  rails  have  nearly  the  same  depth  a 
ilitjiiiiiln|4  mils  but  their  width  at  the  base  is  appreciably  less. 
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The  Belgian  Slate  Railway  employ  a  guard  rail  of  a  special  profile  (fig,  20 
appendix)  which  by  its  similarity  to  ilie  profile  of  the  running  rait,  from  which  it 
differs  only  in  the  form  of  its  head  and  in  the  width  of  the  portion  of  Ihc  fool 
adjoining  the  nose  ofiers  a  j,Teat  facility  in  conslruclion. 

In'acute  crossings,  ihe  guard  rail,  which  guides  the  wheel  conjunct  lo  that  whiiJi 
is  passing  over  the  gap  of  the  crossing,  is  generally  an  onlinary  rail  laid  at  the  same 
level  as  the  bearing  rail. 

However  on  some  systems  even  this  guard  rail  of  acule  crossings  is  laid  at  a  higher 
level  than  that  of  the  bearing  rail ;  Ihe  object  of  this  arrangement  is  evidently  lo 
increase  the  segment  of  the  wheel  bearing  against  the  guard  rail,  ihe  action  of  which 
is  then  more  efficacious,  and  iliminisheslhe  wear  of  the  guard  rail,  which  causes  the 
alteration  of  the  clearance  between  the  guard  rail  and  the  bearing  rail  to  be  slower. 

It  is  not  only  necessarj'  to  guide  the  wheels  running  over  the  gap  of  the  acute  and 
obtuse  crossings  by  the  guard  rails,  but  it  is  slill  further  necessary  to  attenuate  as 
far  as  possible  the  shocks,  oscillations,  and  blows  which  are  more  or  less  produced 
at  the  extremities,  knuckles  and  noses  of  the  appliances,  on  account  of  their  consi- 
derable length,  of  the  special  connections  with  the  adjoining  rails,  of  the  change 
of  level  which  the  axle  running  over  the  gap  experieuces,  etc. ;  more  especially  as 
the  inUucnce  of  the  blows,  endangering  the  safely  and  smoothness  of  travelling. 
increases  with  the  speed  of  the  trains. 

The  queslion  whether  lo  give  the  preference  lo  crossings  formed  of  steel  of  a 
single  piece  or  lo  those  formed  of  rails  has  been  discussed  for  a  long  time,  and  even 
to-day  il  Ciinnol  be  considered  as  solved ;  many  Administrations  only  employ  cross- 
ings formed  of  rails;  others  only  employ  steel  crossings  at  Ihe  most  important  points 
of  the  line  such  as  junctions ;  olhers.  finally,  use  both  systems. 

It  is  of  this  question,  as  of  many  other  questions  concerning  the  line  and  consist- 
ing of  a  great  quanlily  of  elements,  that  it  is  not  always  easy  to  stale  precisely  Ihe 
relative  imporlance. 

The  solidity  of  the  crossing,  the  invariability  of  the  relative  position  of  its  ililTerent 
parts,  the  elasticity  which  is  necessary  for  the  smoothness  of  Inivelling.  the  facility 
of  obtaining  exactitude  of  form,  the  possibility  of  giving  lothe  wing  rails  and  lo  the 
nose  the  relative  level  necessary  for  avoiding  the  vertical  oscillations  of  the  wheels 
running  over  the  crossing  (a  possibility  which  besides  exists  only  in  acute  crossings 
and  which,  even  in  these  cases  only  borders  upon  an  improvement  more  theoret- 
ical than  real,  for  the  deformations  of  the  fixed  pieces  and  of  the  tires  alter  imme- 
diately the  relative  level  in  question),  the  danger  of  unexpected   ruptures,  the 
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junctions  run  over  at  full  speed  use  acute  and  obtuse  crossings  formed  of  rails.  With 
regard  to  tlie  smoothness  of  the  line  tlie  latter  perhaps  answer  better  than  crossings 
formed  of  one  piece,  theconsiderable  weight  of  which  and  their  mode  of  connection 
to  the  adjoining  rails  give  rise  to  greater  shocks  Dian  those  ^vliich  arc  produced 
on  crossings  formed  of  rails,  especially  in  the  case  of  trains  running  over  the  cross- 
ings at  great  speeds.  The  crossing  formed  of  rails  cannot  however  give  good  results 
unless  the  rails  are  sufficienlly  long  and  well  put  together. 

But  whatever  maybe  the  system  of  the  crossings  used  it  is  impossible  to  coniplelelv 
avoid  shocks  during  the  passage  over  the  gap. 

Special  appliances  have  been  tested  In  order  to  suppress  this  gap.  Thus  the  sanie 
inventors  of  switches  without  interruption  of  the  main  line,  which  have  been 
noticed  above,  have  suggested  appliances  which  maintain  the  continuity  of  the 
main  line,  even  to  the  right  of  the  crossing,  the  branch  tine  passing  above  the  main 
line. 

The  «  Williams  »  appliance  however  did  not  give  good  results  on  the  Belgian 
State  system  where  it  was  tried  on  account  of  the  difficult  working  of  the  appliance 
and  of  the  facility  with  which  the  movable  portion  is  displaced  during  the  passage 
of  trains. 

The  «  Blauel  »  appliance,  which  has  no  movable  parts  at  the  crossing,  appears  to 
have  givi'ii  good  results  on  the  Gothard  system  and  in  (Germany,  but  this  appliance 
can  only  naturally  be  employed  where  the  branch  line  is  of  an  entirely  limited 
importance  as  also  in  the  case  of  a  goods  lino  branch,  ballast  pit  turn-outs,  etc. 

It  is  known  that  in  America,  with  a  view  of  improving  the  passage  over  the  two 
lines  of  the  junction,  they  have  used  crossings  having  sometimes  the  nose  and  at 
other  times  the  wing  rails  movable  around  pivots;  in  the  first  case  the  nose  is  hi'M 
by  a  spring  lo  the  wing  rail  of  the  main  line;  in  the  second  case  the  wings  are  held 
to  the  nose  by  springs. 

In  Austria,  the  <'  Hoheneggcr  >'  appliance  with  movable  points  has  been  tested  by 
which  the  gaps  in  the  obtuse  crossings  are  suppressed. 

In  the  American  arrangements,  as  in  the  «  Hoheneggcr  »  appliance,  endeavours 
have  been  made  to  ensure  the  exactitude  of  the  position  of  the  movable  parts  by 
means  of  treadles. 

But  all  these  arrangements,  in  spite  of  the  incontestable  advantage  of  the  suppres- 
sion of  the  gaps,  have  not  yet  reached  a  practical  condition,  because  they  exact  on 
account  of  the  multiplicity  of  the  movable  pieces  an  excessive  watching  which, 
moreover,  does  not  always  suliice  to  guarantee  the  regularity  and  safety  of  the 


The  uUusu  crossinj^s  might  be,  und  Ihey  very  ol'ion  art;,  laid  in  a  slmi^'hl  line, 
but  the  necessity  of  having  to  lay  them  level  does  not  allow  all  llie  inclination  desired 
to  be  given  to  the  exterior  rails  adjoining  the  obtuse  crossings. 

On  account  of  all  these  ditficullies  the  appliances  are  generally  laid  in  one  plane 
and,  on  many  systems,  even  the  intervening  rails  between  the  appliances  are  laid 
without  inclination. 

Amongst  the  Administrations  consulted  those  of  the  Southern.  Stale  and  North 
Western  Austrian  Railways,  the  Belgian  Slate  Railway,  many  French  Administra- 
tions, such  as  the  Western,  Southern  and  Northern,  and  some  English  Companies 
such  as  the  London  Brighton  and  South  Coast  Railway,  suppress  all  inclination  at 
the  junctions. 

It  is  true  that  these  Administrations  do  not  allow  the  curved  branches  of  junctions 
to  be  passed  over  at  full  speed. 

But  there  are  also  Administrations  who,  whilst  allowing  the  curves  of  junctions 
to  be  passed  over  at  full  speed,  do  not  give  any  super-elevation  to  the  exterior  rail; 
the  Danish  Slate,  the  Lancashire  and  Yorkshire  Railway,  who  alone  give  very  rarely 
a  slight  raising  to  the  exterior  rail  of  the  cunes  in  question  by  means  of  the  appli- 
cation of  wooden  soles  under  the  chairs  of  this  rait, and  the  ItalianAdriatic  Railway, 
may  be  cited  as  examples. 

Other  Administrations  have  endeavoured  to  obtain,  where  possible,  the  super- 
elevation corresponding  to  the  radius  of  the  cun'e,  by  the  inclination  of  the 
sleepers:  most  of  the  English  Companies,  who  allow  the  curved  branches  to  be 
passed  over  at  full  speed,  follow  this  procedure;  the  Creat  Eastern,  London  and 
South  Western,  Manchester  SheHield  and  Lincolnshire,  and  the  Caledonian  Railways 
may  be  cited  as  examples. 

On  the  Great  Eastern  system,  in  cases  where  it  is  impossible  to  give  the  desired 
inclination  to  the  sleepers,  they  have  had  resource  lo  the  sinking  of  the  chairs  of  the 
interior  rait  by  suitably  notching  the  sleepers;  and  when  special  conditions  compel 
them  to  give  to  the  exterior  rail  an  insuDieient  super-elevation  the  spwd  of  the  trains 
is  reduced  to  an  extent  corresponding  to  the  super-eleviition  which  they  have  been 
able  to  obtain. 

Some  French  systems,  the  Paris-Lyons-Mediterranean  and  the  Eastern  Railways  for 
example,  endeavour  to  obtain  the  desired  super-elevation  by  the  inclination  of  (he 
sleepers,  where  however  the  curved  branches  are  only  run  over  at  a  reduced  speed. 

Rut,  as  has  been  seen,  it  is  difiicult,  or  rather  impossible,  to  obtain  at  each  point 
of  the  junction  curves,  all  the  super-elevation  corresponding  to  the  radius  of  the 


J 


33 

curve  and  to  the  speed  of  the  trains,  especially  when  it  is  supposed  that  these  curves 
are  run  without  slackening  speed  by  express  trains. 

On  the  Danish  State  system,  in  order  to  make  up  in  some  manner  for  the  absolute 
want  of  inclination,  the  spiking  is  made  stronger  and  wedges  are  applied  which  rest 
against  the  exterior  face  of  the  rail  of  great  radius. 

On  some  of  the  English  Railways  where  the  rails,  being  laid  in  chairs,  have  gener- 
ally stronger  attachments  than  those  of  Vignoles  rails,  a  guard  rail  placed  at  the 
side  of  the  interior  rail  all  the  length  of  the  curved  branch  starting  from  the  heel  of 
the  switch  is  used. 

A  more  radical  means  would  consist,  as  has  already  been  mentioned,  in  the  sup- 
pression of  the  obtuse  crossing  which  would  then  be  replaced  by  a  flying  junction* 
The  difficulties  concerning  the  application  of  the  inclination  would  then  be  limited 
to  those  due  to  the  existence  of  switches  and  acute  crossings. 

The  laying  down. 

Junctions  are  sometimes  laid  down  on  pieces  of  timber  a  great  length. 

This  is  the  case,  for  example,  on  the  junctions  of  the  Belgian  State  Railways  where 
this  arrangement  has  been  adopted  with  a  view  to  avoiding  the  confusion  of  the 
extremities,  and  of  permitting  an  easy  packing  of  all  the  supports  (annexed|fig.  26). 

Some  other  Administrations,  on  the  contrary,  only  employ  ordinary  sleepers  for 
their  junctions,  even  to  the  right  of  the  switches  and  acute  and  obtuse  crossings. 
On  the  Eastern  of  France  Railway,  for  instance,  the  sleepers  destined  for  these 
appliances  are  chosen  from  amongst  the  most  regular  in  form  of  the  ordinary 
sleepers,  and  the  sleepers  of  the  ordinary  crossings  are  tied  together  by  longitu- 
dinals. This  system  has  the  advantage  of  discarding  the  use  of  special  timber, 
which  is  very  costly  on  account  of  its  large  dimensions,  and  of  rendering  the  supply 
easier. 

Yet  other  Companies  employ  special  timber  to  the  right  and  approaches  of 
switches  and  crossings  appliances,  and  limit  the  use  of  ordinary  sleepers  to  the 
other  parts  of  the  junction. 

Whatever  may  be  the  system  of  supports  chosen  for  the  sub-structure  of  junctions, 
it  is  evidently  necessary  that  the  perfect  packing  of  these  supports  should  be  assured. 

Such  a  packing  necessary  even  for  the  running  line  has  an  absolutclyjparticular 
importance  for  junctions;  an  importance  increasing  with  the  speed  at  which  the 
junctions  are  run  over. 
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Fiiully  packing  would  givo  place  lo  unequal  depressions  under  llie  action  cirtlie 
rolling  .loads,  and  these  depressions  would  cause  shocks,  oscillations,  and  disUir- 
bances  of  movement  extremely  dangerous,  especially  on  passing  over  switches  and 
crossings'. 

With  regard  to  the  ballast  on  which  the  junctions  ought  to  be  laid,  from  the 
remarks  of  Sir  G.  Findlay,  already  cited  on  the  «  Question  of  the  lines  for  express 
trains  »,  the  following  definition  may  be  borrowed  :  "  An  ideal  ballast  should  be 
heavy,  hard,  tough,  non-absorbent,  and  angular  like  durable  road  metalling,  without 
admixture  with  earthy  matter  or  allumina,  free  from  dust,  and  uniform  in  siio, 
a  material  through  which  water  may  pass  freely  without  retaining  it  (').  » 

This  ballast  should  in  its  turn  repose  on  a  sub-structure  well  soliditied  and 
drained  by  drainage  works  exacted  by  the  local  conditions  of  the  yrmind. 


Summary. 

In  conclusion,  it  would  without  doubt  be  very  useful  to  form  Juuclions  in  such  a 
manner  that  they  could  be  run  over  at  full  speed  in  every  direction;  cither  with  a 
view  to  increasing  the  rapidity  of  the  journey  or  to  the  safely  of  the  trains  the  engine- 
drivers  of  which  for  some  reason  have  not  respected  the  regulations  tor  slackening 

The  arrangements  which  have  been  used  lor  this  object  are  of  two  kinds  :  the  first 
seek  to  protect  the  trains  running  over  the  junction  in  order  to  avoid  collisions  with 
converging  trains;  the  others  seek  to  improve  the  conditions  of  the  appliances  con- 
stituting the  junction  properly  so  cidled. 

With  regard  to  the  arrangements  of  the  lirst  kind,  the  (ingress  has  already  dis- 
cussed them  during  the  first  and  fourth  sessions. 

With  regard  to  the  dilhculties  concerning  the  formation  of  the  junction  properly 
su  called,  and  which  are  the  object  of  the  present  question,  the  construction  of  the 
different  parts  of  the  junction,  that  is  to  say  the  switches,  crossings  and  Intervening 
rails,  have  been  discriminated. 

In  examining  the  rules  which  regulate  the  passage  over  junctions  on  many 
systems,  it  has  been  seen  that  the  passage  at  full  speed  on  the  straight  branch  of  the 
junctions  is  admitted  nearly  always  for  trains  which  are  not  approaching  facing 
points;  less  often  the  passage  at  full  speed  is  admitted  for  the  trains  wtdch  run  over 
the  same  branch  but  are  approaching  the  facing  points;  and  less  often  still  the  pas- 
sage at  full  speed  on  the  curved  branches  is  admitted. 

(')  See  pup:  Vl-10  .>f  Sir  G.  Findi-av's  refK.it. 
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Further  than  the  existence  of  the  crossings  and  the  switch,  there  are  still  the 
difficulties  of  the  design  which  appear  to  oppose  themselves  to  the  passage  at  full 
speed  on  all  the  branches  of  the  junction. 

In  order  to  render  this  design  as  correct  as  possible  it  is  necessary  to  adopt  acute 
and  obtuse  crossings  having  the  least  possible  angles;  but  with  a  view  to  ensuring 
the  guidance  of  the  wheels  running  over  the  obtuse  crossing  the  angles  cannot 
decend  below  a  certain  value  which  according  to  the  results  of  calculation  and  the 
regulations  practically  followed  by  the  different  Administrations  ought  to  be 
about  7**  corresponding  to  an  inclination  of  0.125.  With  regard  to  the  ordinary 
crossing  of  the  turn-outs  it  has  been  seen  generally  that  the  value  of  the  tangent  is 
not  lower  that  0.08.  With  these  angles  and  the  ordinary  gauge  of  the  line  and 
interval  between  the  two  lines  of  way,  it  is  possible  to  obtain  for  the  diverging 
branch  of  the  junction,  having  the  other  branch  in  a  straight  line,  a  continous 
curve  of  about  22  1/2  chains  (450  metres)  radius.  This  radius  however  necessarily 
sustains  a  sensible  diminution  if  the  constituent  parts  of  the  obtuse  and  acute  cross- 
ings are  maintained  straight  even  after  being  laid  down,  as  is  exacted  by  most  of 
the  Administrations,  and  as  is  necessarily  the  case  in  crossings  formed  of  steel  in 
one  piece. 

With  the  object  of  being  able  to  increase  the  radius  of  the  intervening  rails,  it 
will  be  desirable  not  only  to  employ  crossings  as  acute  as  possible,  but  perhaps 
further  to  adopt  at  junctions  a  wider  interval  between  the  two  lines  of  way  of  the 
sam^  road  than  the  normal  one. 

Nevertheless  the  curves  of  the  intervening  rails  would  always  be  rather  quick  for 
the  greatest  speeds,  especially  because  of  the  impossibility  of  giving  to  the  exterior 
i^ilof  these  curves  all  the  inclination  corresponding  to  their  radii.     But  further 
thes  witch,  which  on  account  of  its  length  being  generally  less  than  19.68   feet 
(6  metres),  presents,  in  the  case  of  the  curved  switch,  a  curvature  much  more  pro- 
nounced than  that  of  the  intervening  rail,  and  in  the  more  general  case  of  the 
straight  switch,  a  sharp  divergence  at  the  point  the  effect  of  which  is  certainly  worse 
t:han  that  produced  by  the  small  radius  of  the  intervening  rail.     In  order  to  attenuate 
t^his  inconvenience  many  Administrations  tend  to  increase  the  length  of  the  switch. 
In  spite  of  these  difficulties,  there  are  Administrations  who,  as  has  already  been 
stated,  allow  the  passage  at  full  speed,  even  on  the  curved  branch  of  junctions, 
liaving  the  other  branch  in  a  straight  line. 

In  the  use  of  the  symmetrical  arrangement  the  two  lines  would  share  the  difficul- 
ties of  the  divergence.     This  arrangement  appears  to  be  the  most  rational  one  for 


i  J. 


3(i 

thu  case  wlifire  llie  lines  of  the  junction  anuif  equal  iniporlancc  and  are  run  over  Iiy 
express  iraiiis  having  equal  speeds 

With  regard  to  the  conslrucUoii  of  thi-  dittorent  parts  of  the  junction,  it  has 
been  seen  in  commencinj^  with  the  swildms.  that  swilchcs  formed  of  mils  can  be 
employed  as  satisfactorily  as  those  formed  of  special  bars.  Tlie  English  Adniin- 
istralions,  for  instance,  employ  switthes  of  rails  CKclusively. 

A  switch  formed  of  rails  may  be  obtained  with  suUicient  resistance  against  the 
horizontal  and  vertical  forces  produced  by  therollingioads,  if  the  switch  is  properly 
constructed  and  is  provided  with  a  plunger.  On  the  other  hand  solutions  have  been 
suggested  sufliciently  satisfactory  for  the  union  of  switches  formed  of  special  bars  to 
the  adjoining  rails,  a  union  which  has  always  been  the  weak  point  of  such  switclies. 

With  regard  to  the  crossings,  it  is  not  only  necessary  to  guide  the  wbeels  running 
over  the  gaps,  which  is  obtained  by  the  guard  rails,  and  which  in  the  obtuse  crossing 
have,  on  many  systems,  a  super-elevation  proportional  to  the  angle  of  the  crossing, 
but  it  is  further  necessary  to  endeavour  lo  attenuate  by  suitable  construction  the 
shocks,  oscillations  and  blows  which  are  produced  at  the  extremities,  knuckles  and 
noses  of  these  appliances. 

It  appears  that  crossings  formed  of  rails  sufliciently  long  and  well  put  togetbi'r 
conduct  themselves,  as  far  as  the  smoothness  of  travelling  is  concerned,  as  well,  and 
perhaps  even  belter  than  those  formed  of  steel  in  one  piece. 

in  England,  for  example,  crossings  fonned  of  rails  are  almost  exclusively 
employed. 

Finally,  with  regard  to  the  construction  of  the  intervening  rails  with  a  view  to 
counteract  to  some  extent  the  total  or  partial  absence  of  the  super-elevation  of  (lie 
exterior  rail,  resource  has  been  hud  to  the  strengthening  of  the  rail  utlacbmenls,  lo 
the  adoption  of  abutments  which  bear  upon  the  outer  face  of  the  web  of  the  exterior 
rail,  to  the  employment  of  guard  rails  placed  along  the  si{le  of  the  interior  rail  oa 
the  whole  length  of  the  curved  branch. 

The  difficulties  will  be  lessened  by  laying  the  obtuse  crossings  in  a  straight  line, 
and  better  still  by  obviating  the  necessity  of  obtuse  crossings  by  the  use  of  flying 
junctions. 

It  has  been  seen  that  the  junctions  are  laid  down  sometimes  4)n  special  timber, 
and  at  other  times  on  ordinary  sleepers.  In  every  case  it  is  necessary  to  take  the 
greatest  care  by  the  use  of  excellanl  ballast  to  ensure  the  perfect  packing  of  the 
supports. 
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16.  —  Arc  the  junctions  always  laid  out  so  that  the  crossings  arc  in  a  straight  line  or  are  the 
crossings  on  a  curve? 

17.  —  Have  you  made  any  attempts  to  get  rid  of  obtuse  crossings  by  using  flj'ing  junctions  ? 

18.  —  In  the  junctions  where  a  curve  is  passed  at  full  speed,  is  super-elevation  given  to  the 
outside  rail,  and  to  what  amount?  To  obtain  this  super-elevation  is  recourse  had  to  notching  the 
sleepers  under  the  lower  rail,  or  to  the  insertion  of  bed-plates  under  the  outer  rail,  or  to  what 
other  means? 

19.  —  If  it  is  found  desirable  or  necessary  to  avoid  the  super-elevation  of  the  outer  rail  are 

other  means  adopted  to  insure  the  safe  passage  of  trains  at  full  speed  over  junction  curves?  If  so. 
please  say  what  these  means  are  and  how  far  they  are  successful  ? 

20.  —  Is  the  inside  rail  at  junction  cur^es  fitted  with  a  guard  rail  throughout  its  whole  length 
or  only  at  special  places  ? 

21 .  —  Are  the  points  at  the  junctions  referred  to  in  question  1  and  2  always  plunged  and  fitted 
with  locking-bars  or  treadles  ? 

22.  —  Are  the  points  interlocked  with  the  signals? 

23.  —  ^\^lat  is  the  normal  arrangement  of  the  junction  signals? 

24.  —  In  the  case  of  junctions  where  one  of  the  diverging  lines  is  entirely  of  secondai'v  impor- 
tance, are  any  special  forms  of  points  and  crossings  used,  such  as  William's,  Blauel's,  etc.,  wliich 
permit  the  continuity  of  the  main  line  to  be  maintained?  If  so,  with  what  results? 

25.  —  Are  there  any  junctions  where  the  branch-line  is  constructed  with  a  safety  siding  ? 

26.  —  Has  the  rolling-stock  of  the  trains  which  run  over  junction  curves  at  full  speed  to  con- 
form to  any  special  standard  of  construction  (locomotives,  carriages  with  radial  axles,  bogies  or 
their  equivalents,  special  under-frames,  etc.)? 

27.  —  Please  give  any  further  information  not  specifically  asked  for  in  the  above  questions. 

yote.  —  C<)mpani(?s  are  particularly  requested  to  have  the  goodness  to  send  sketches  or  phiiis 
of  some  of  the  i)riiicipal  junctions  passed  by  express  trains,  and  of  the  special  arrangc^nn^nts  t/» 
which  they  have  had  recoui*se  in  laying  them  out  so  as  to  avoid  slackening  speed. 
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SUMMARY. 


Austria  : 

Southern  of  Auslria. 

Austro-HuDgarian  State  Railway  Company. 

Austrian  North- Western  and  South-North  Ger- 
man Junction. 

Belgium  : 
Belgian  State. 

Denmark  : 
Danish  State. 

United  States  of  America  : 

Pennsylvania  Railroad. 

France  : 

Paris- Lyons-Mediterranean. 
Western  of  France. 
Eastern  — 

1^  or  them        — 
Southern        — 


Great  Britain  and  its  Colonies  : 

North  Eastern  Railway. 

Great  Eastern  Raiiwav. 

London  and  South- Western  Railway. 

Lancashire  and  Yorkshire  Railway. 

Great  Northern  Railway. 

London  Brighton  and  South  Coast  Railway. 

Mane  hester  Sheffield  and  Lincolnshire  Railway . 

Caledonian  Railway. 

Glasgow  and  South -Western  Railway. 

Great  Indian  Peninsula  Railway. 

Great  Western  Railway. 

North  British  Railway. 

Midland  Railway. 

New  South  Wales  Government  Railway. 

London  and  Norlh- Western  Railway. 

Holland  : 
Dutch  Railway. 

Portugal  : 
Royal  Portuguese  Railway  Company. 

Switzerland  : 
Golhard. 
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AUSTRIA  HUNGARY. 


The  Austro-Hungarian  State  Railway  Company. 

i.  —  No. 

2.  —  According  to  a  government  order,  every  train,  on  approaching  a  lacing  point  must,  ir& 
Austria,  reduce  its  speed  to  31  or  18  1/2  miles  (50  or  30  kilometres)  an  hour,  according  as  to  whether 
the  points  are  plunged  or  not.  Nevertheless,  our  Administration  makes  all  trains  without  exoepiior 
slacken  their  speed  to  18  1/2  miles  (30  kilometres). 

3.  —  Trailing  points  are  passed  over  without  slackening. 

4.  —  18 1/2  miles  (30  kilometres)  an  hour. 
.5.  —  The  design  of  the  junction  is  not  symmetrical ;  it  is  composed  of  a  straight  line  for  one  ai 

and  of  a  curve  for  the  other;  the  main  line  is  laid  down  straight. 

6.  —  Only  in  some  single  line  stations  where  the  express  train  enters  into  the  curve  of  the  faoi 
turn-out. 

7.  —  On  the  main  line  there  are  not,  outside  stations,  any  symmetrical  junctions. 

8.  —  In  the  case   of  non  symmetrical  junctions,  referred  to  in   n^   6,    the  minimum  radius         is 
15  chains  (300  metres) ;  with  regard  to  the  maximum  speed,  see  replies  to  n<»  2  and  3. 

9.  —  In  junctions  between  a  single  line  and  a  doul^le  line,  we  avoid  as  much  as  possible  facrv  vig 
points  on  the  double  line.     For  that  purpose  we  have  adopted  the  following  arrangement : 

Branching  of  the  ttcondary 
railwap 


Fig.  13. 


a)  This  case  does  not  occur  on  our  line. 

b)  The  radius  of  the  curve  of  the  turn-out  is  more  or  less  great,  according  to  the  speed  of  Ihe  It^-^^ 
running  over  the  junction . 

10.  —  We  only  use  straight  switches. 

11 .  —  Our  poinUrails  are  formed  of  rails  of  special  section. 

12.  —  The  profile  is  that  of  an  angle-iron  with  unequal  sides,  the  horizontal  side  being  wider  '^^ 
the  base  of  our  rails,  the  vertical  side  not  being  as  high. 

13.  —  Our  crossings  are  formed  of  steel  and  cast  in  one  piece.      They  are  symmetrical  and  r^"*^ 
sible. 

14.  —  The  minimum  angle  of  the  acute  crossings  is  4<*52'  (tangent  0.085)  and  that  of  the  ol>**^ 
crossings  is7»l4'  (tangent  0.127). 

15.  —  At  obtuse  crossings,    we  use  guard  rails  having  a  superelevation  of   1.20  inchs(30    m''^ 
metres) . 

16.  —  Curved  crossings  are  only  used  in  stations. 

17.  —  Outside  stations  we  avoid  obtuse  crossings,  by  constructing  flying  junctions. 

18.  19.  —  No. 

20.  —  The  interior  rail  of  junction  curves  is  not  fitted  with  a  guard  rail. 
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21.  —  The  points  of  junctions  referred  to  in  n^*  1  and  2  are  always  plunged,  or  connected  with  a 
centra]  interlocking  apparatus. 

22.  —  Seen®  21. 

23.  —  The  normal  position  of  the  junction  signals  is  •  danger  «. 

24.  25,  26,  27.  —  No. 

Austrian  North-Weslern  and  South-North  German  Junction  Railways. 

1.  —  Yes,  two;  the  junction  of  the  Bohemia  commercial  line  with  our  Tur-Titchin   line  and  the 
Moravian  frontier  line  with  our  Lichtenau-Mittelwalde  line. 

2.  —  Yes,  the  junctions  on  the  Vienna-Tetschen  main  line,  run  over  by  express  trains  at  speeds  of 
from  40  to  46  1/2  miles  (65  to  75  kilometres)  an  hour. 

3.  —  No. 

4.  —  The  greatest  speed  of  trains  approaching  facing  points  is  : 

In  the  case  n^  1  above 18  1/2  mil^s  (30  kilometres). 

—        no  2    —         31  —     (50        —        ). 

5.  6,  7.  —  In  all  the  cases  named,  the  main  line  is  constructed  straight. 

8.  —  Minimum  radius  :  10  chains  (200  metres);  maximum  speed  allowed  :  18  1/2  miles  (30  kilo* 
meters). 

9.  —  All  the  lines  named  above  are  single  lines. 

10.  —  Only  straight  switches  are  used. 

11.  —  We  use  bars  of  special  profile. 

12.  —  The  bars  are  of  less  height  than  the  ordinary  rail.  (See  Hg.  14.) 

13.  —  We  use  crossings  of  cast  steel. 

14.  —  Minimum  :  5^25. 

15.  —  No. 

16.  —  The  crossings  of  the  junction  are  always  laid  down  in  a  straight  line,  even  if  the  main  line  is 
yn  a  curve;  the  branch,  for  a  minimum  distance  of  2  chains  (40  metres),  is  laid  down  in  a  straight  line. 

17.  —  A  main  line  is  only  crossed  by  another  line  by  means  of  underneath  or  above  bridges. 

18.  —  In  the  case  n^  1,  above,  where  .the  two  junctions  are  run  over  at  a  speed  of  18  1/2  miles 
30  kilometres),  there  is  no  super-elevation  on  the  exterior  rail  of  the  curve. 

In  the  case  n®  2,  speed  :  31  miles  (50  kilometres),  the  main  line  is  always  laid  in  a  straight  line,  and 
he  branch,  which  is  always  run  over  with  a  reduced  soeed,  does  not  receive  any  super-elevation. 

19.  —  In  consequence  of  the  principles  mentioned  in  n®  18  above,  no  other  means  are  taken. 

20.  —  A  guard  rail.  9  feet(2'"75)  long,  is  only  provided  on  the  interior  rail  opposite  the  crossing. 

21.  —  Yes,  plunged  and  provided  with  locking-bars. 

22.  —  Yes. 

23.  —  The  signals  are  placed  25  chains  (500  metres)  in  front  of  the  junction,  and  the  normal  position 
ndicaled  for  the  main  line  is  :  -  all  right  *•;  for  the  branch:  •  danger  <*. 

24.  —  Oil  all  the  junction  the  switches,  and  ar  ite  and  obtuse  crossings  are  of  the  normal  type. 

25.  —  Yes,  in  all  cases  where  the  secondary  line  of  the  junction  has  such  unfavourable  gradients 
that  fouling  oi  the  line  may  be  feared. 

26.  —  All  the  junctions  can  be  run  over  in  every  direction  by  all  the  normal  rolling  stock. 

27.  —  None. 

Southern  Railway. 

1.  —  The  junctions  existing  on  our  main  lines  are  run  over  at  full  speed  by  the  trains  on  the  stioight 
hoe  of  the  junction,  on  approaching  trailing  points.  With  regard  to  running  over  facing  points,  the 
speed  must  be  reduced  and  not  exceed  18  1/2  miles  (30  kilometres)  an  hour,  when  the  points  are  not 
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plunged,  and  31  miles  (51  kilometres)  when  they  are  plunged.  The  curved  branches  of  junctions  must 
always  be  run  over  with  a  reduced  speed. 

2.  —  There  are  no  junctions  the  main  line  of  which  is  run  over  without  slackening  speed  on 
approaching  facing  points. 

3.  ' —  There  are  no  junctions  run  over  at  full  speed  by  trains  coming  from  the  two  converging  lines 
of  the  branchy  because  the  passage  over  curves  must  always  be  made  with  a  reduced  speed. 

4.  —  The  maximum  speed  of  trains  approaching  facing  points  is  18  1/2  or  31  miles  (30  or  50  kilo- 
metres) as  explained  in  No.  1  above . 

5.  —  The  junctions  are  laid  in  such  away  that  the  main  line  is  straight  and  the  secondary  line  is  on 
a  curve. 

6.  7.  -  -  See  No.  5. 

8.  —  The  minimum  radius  is  15  chains  (300  metres),  and  the  maximum  speed  is  31  or  IS  1/2  miles 
(50  or  30  kilometres)  an  hour,  as  explained  in  No.  1 . 

9.  —  The  junctions  between  a  single  line  and  a  double  line  are  always  laid  in  stations,  and  are 
designed  as  follows. 


Marbing 


Fig.  1!S. 


The  junctions  with  goods  lines  are  always  m^de  by  means  of  trailing  points.  (See  fig.  16)  with  regard 
(o  the  speed,  see  No.  1. 

Industrial  railtcay 


i\g.  16. 


10.  —  At  all  junctions,  we  use  curved  point-rails. 

11.  —  We  use  exclusively  point-rails  made  of  angle-irons. 

12.  —  These  point-rails  have  a  less  height  than  the  ordinary  rails  and  a  wider  base. 

13.  —  We  use  crossings  of  cast  steel  (Martin). 

14.  —  The  minimum  angle  of  the  crossing  is  4<*54'. 

15.  —  The  guard  rails  have  no  superelevation. 

16 .  —  The  crossings  are  always  laid  in  a  straight  line. 

17.  —  No. 

18.  —  The  exterior  rail  of  the  curves  is  not  super-elevated. 

19.  —  Curves  are  not  passed  over  at  full  speed. 

20.  —  The  interior  rail  of  the  curves  is  only   provided  with  a  guard  rail  to  the  right  of  the 
crossings. 

21 .  —  The  switches  of  the  junction  are  always  plunged  or  manipulated  by  a  central  appliance. 
Treadles  are  not  used. 
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22 .  —  Where  there  are  signals,  they  are  always  interlocked  with  the  points. 

23.  —  The  signal  is  at  least  at  a  distance  of  25  chains  (500  metres)  from  the  protected  point  and  in 
such  a  position  that  it  may  be  seen  by  the  engine-driver  at  a  distance  of  10  chains  (200  metres). 

On  lines  on  a  steep  ascent,  this  distance  of  25  chains  (500  metres)  is  reduced  to  15  chains 
(300  metres). 

24.  —  We  do  not  use  special  switches  or  crossings  which  permit  the  continuity  of  the  main  line  to 
be  maintained. 

25.  —  There  are  no  safety  roads  at  the  junctions. 

26.  —  For  facilitating  the  running  over  curves,  the  engines  of  express  trains  are  provided  with  bogies 
on  two  axles. 

For  vehicles  of  express  trains  on  two  axles,  the  wheel  base  is  sometimes  rigid  (wheel  base  15  feet 
9  inches  =  4"80);  sometimes  the  axles  have  a  certain  amount  of  play  (wheel  base  18  feet 
8  1/2  inches  -«  5™70) ;  this  wheel  base  secures  the  free  passage  over  the  curves  of  turn-outs. 

The  longer  vehicles  are  provided  with  bogies  on  two  axles. 


BELGIUM. 


The  State  Railway. 

1.  2.  —  No. 

3.  —  Not  actually,  but  it  is  very  probable  that,  in  the  near  future,  trailing  points  will  be  run  over 
at  full  speed. 

4.  —  37  miles  (60  kilometres)  an  hour. 

5.  —  No. 

t>.  —  The  speed  of  37  miles  (60  kilometres)  an  hour,  named  in  No.  4,  is  only  admitted  on  that  branch 
of  the  junction  vehicle  which  is  straight  or  on  a  curve  of  large  radius. 

7.  —Nil. 

8.  — The  minimum  radius  is  22  1/2  chains  (450  metres). 

The  greiitest  speed  allowed   is   37  miles   (60  kilometres),  on  the  straight   line  of  the  junction,   as 
staled  above. 

On  the  diverging  branch,  it  is  25  miles  (4  )  kilometres)  an  hour. 

9.  —See  figures  17  to  20. 

a)  This  case  does  not  occur. 
6)  See  figure  21. 


^1 


Sic  itch   totted   tcilh   a 
Saxby  plunger  wor 
ked  by  rigid  connec 
tions  in  Cabin  C 


Fig.  21. 
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First  ca 


Explanation 

M.  The  switch  stands  for  the  left  line  aa 

N,  id.  the  line  bb 

P,  id.  the  single  line  C. 

Fig.  17. 


Second  c«i«e 


Explanation 

M.  The  Switch  stands  for  the  more  frequented  of  the  two  lines 
N,  id.  the  junction  of  line  L 

P.  id.  the  straight  line  bb 

Fig.  18. 


Xliii*d  ca«e 


t 


AT 


\ 


Explanation 

M,  The  switch  stands  for  the  line  aa 

j^.  id .  the  more  frequented  of  the  two  lines 

P,  id.  the  line  C 

Fig.  19. 


Fourtli  c«i«e. 


Explanation 

If.  The  switch  stands  for  the  straight  line  bb 

N,  id.  the  more  frequented  of  two  lines 

P.  id.  the  line  G 

Fig.  20. 
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10.  —No.  The  awitchM  Tor  rails  weighing  103  lbs  per  j«rd  (5t  kilogremi  per  metre)  renuin 
ttraigbl,  that  is  to  say,  the  axis  is  rsctilineal.  Bui,  they  are  practically  bent  viA  planed  for  a 
certain  length  (Qg.  ti). 


■,  lap-^yUil       ly  I        LI        I 6-vL-Lt-I^J^ 


:  Coiitre  aiguille  •^  Sel^acling  point;  aigiillte  ^  point. 
Kig.  ». 

11,— The   |«iiil-rail   Tor   lurn-ouls   Ironi   rails    neighing    iQo   lbs    per   ;ard   (5?  kilogmma  per 
UMtre)  is  of  a  special  seolion  (tig.  SS,  Si.  So). 
1>.  — The  special  bar  has  .t  le^Lf  height  than  the  ordin.irr  rail. 

13,  —  Foniio.t  .if  rtiils. 

14,  —  The  miiiiinum  aiijrW  of  acute  croisiiigs  oii  line*  run  orer  with  eipre^s  speeds  is  4"  35'  56' 
for  the  onissiiig  C  iflg.  W  and  37). 

For  Ihe  obtuse  i-rossiiigs,  the  uiiiiiiuuni  siigte  is  T"  06'  I*"  (fig.  36  and  S8I. 

15,  —  W*  make  use  v(  a  super-«Uvalei<  guard  rail  of  sprrial  profile  for  all  Ihe  obtuse  erossings. 

The  eletalion  ol"  this  ^uarvl  Mil  above  the  level  of  the  rail  is  Is:  in,  (0=05)  (fig.  »). 
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16.  —  The  Belgian  Stnle  Admliiialratloii  in 
crosiings,  and  three  types  of  obtuae  crossii 
(450  metres).  16.44  chains  i330'"7?).  and  12  07 

Tbe  first  (Bg.  30)  is  used  fur  tlie  Junctions  c 
both  dirFcliona.  It  is  not  U3«d  in  stations. 

The  second  is  used  in  junctions  or  an  important  line  (i 
with  a  secondary  line. 


use  or  three  types  of  switches,  seven  Ivpes  of  acute 
giving   three   comptete   junctions  of  H.ZI   chains 
ns  (24!"16j  exterior  radius. 
0  international  lines,  when  trains  travel  quickly  in 


re  of  targe  radius) 
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It  is  used  also  for  the  direct  entrance  to  stations  leaving  a  local  service  (fig.  33),  as  well  as  in  all 
cases  where  entire  trains  run  in  regular  service  on  the  diverging  line. 

Place  lines 


Main  linei 


Fig.  33. 


The  third  junction  has  been  reserved  for  intermediate  stations  without  a  local  service,  where  the 
diverging  line  is  only  run  over  by  trains  or  engines  shunting. 

It  has  been  noted  that  the  angles  of  the  crossings  of  this  last  junction  were  too  open,  thus  bringing 
about  a  rapid  wear  of  the  appliances. 

The  third  junction  has  therefore  been  replaced  by  a  mixed  junction  as  follows  (fig.  34)  : 


Fig.  34. 


The  short  length  of  the  blade  of  the  switch  B  not  having  produced  any  bad  effect,  we  have  not  thought 
it  necessary  to  adopt  the  switch  A. 

However,  our  experience  seems  to  indicate  that  with  heavy  rails,  of  which  the  metal  is  relatively  little- 
compressed  by  rolling,  it  is  expedient  to  use  small  angles  in  the  crossings  and  switches  of  great  length. 

The  switches  and  crossings  are  constructed  to  the  right  or  left,  according  as  to  whether  the  secon- 
dary line  diverges  to  the  right  or  left  (fig.  35). 

Left  apparatus 


Right  apparatus 
Fig.  35. 


The  stock-rail  is  bent  as  the  plans  indicate. 

Three  new  features  in  the  design,  construction,  and  laying  of  these  appliances  are  to  be  noted  t 

a)  Design.  —  The  curve  of  the  junction  is  supposed  to  be  continuous  and  tangent  to  the  heel  of  the 
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switch.    The  acute  or  obtuse  crossing  is  laid  tangentially  to  the  curve,  but  it  is  constructed  straight. 
The  opposite  rail  is  laid  on  the  curve,  as  the  following  figure  shows  : 

Croising 


Fig.  36. 

There  remain  then  at  a  and  6  two  small  surplus  widths  which  are  made  to  disappear  as  much  as 
possible  in  the  course  of  laying  the  junction  down. 
The  regularity  of  the  curve  and  its  centreing  perfectly  avoid  the  shocks  due  to  variations  of  curvature. 

b)  Construction,  —  The  point  rail  is  made  with  a  rail  of  special  section  which  leaves  the  stock  rail 
intact.  A  much  greater  solidity  in  the  appliance  is  thus  obtained,  and  also  more  simplicity  on  account 
of  the  suppression  of  accessory  pieces.  The  difficulty  of  making  a  good  heel  ^o  the  switch  in  this  arrange- 
ment has  been  solved  by  using  a  chair  with  steel  pivots  which  has  up  to  the  present  given  good 
results. 

The  guard-rail  of  the  obtuse  crossing  is  also  formed  with  a  rail  of  spedal  section  giving  great  facility 
in  construction. 

c)  Laying  down.  —  The  junction  is  laid  down  on  special  timbers  of  great  length  which  avoid  con- 
fusion of  extremities  and  enable  all  the  timbers  to  be  easily  packed.    (See  the  plans  of  the  laying  down). 

Results,  —  The  results  are,  on  the  whole,  satisfactory.  We  have  only  noted  that  the  bent  rails 
a  and  6  (fig.  37)  wear  too  rapidly. 


Fig.  37. 

Their  maintenance  is  as  easy  as  that  of  the  ordinary  line. 

17.  —  For  the  projected  line  from  South  Antwerp  to  Malines,  it  has  been  decided  to  make  a  flying: 
junction  at  Neckerspoel  at  the  junction  with  the  existing  line  from  Malines  to  Antwerp  (fig.  38). 


Fig.  38. 


IS.  —  No,  since  the  main  line  of  the  junction  is  straight  the  two  obtuse  crossings  must  be  at  the 
same  level. 

iO.  —  We  content  ourselves  with  slackening  speed  to  25  miles  (40  kilometres)  an  hour  on  the  curves 
of  junctions. 

This  slackening  in  controlled  by  -  Le  Bjulenge  dromoscopes  and  dromoj^etards  •. 


yervpjeiy^p^ 


-fSL, 


—  We  OBO  bars  having  a  wider  basa,  but  less  height  (ban  ths  ordinary  rail. 

—  Formed  of  rails  and  iritb  a  furged  steel  no.ie. 

—  The  tangent  ortlie  angle  <—  l/ll. 

—  No. 

—  They  are  always  in  a  slroiglit  line. 
18.  No. 

—  In  the  caae  in  question,  we  make  the  spiking  stronger  and  Di>p1;  abotmeols  nupportirg  llie 
ir  Ace  of  the  rail. 

—  Only  to  tbe  right  of  the  centre  of  the  crossing. 

—  They  are  always  plunged . 

—  Yes. 
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23. 
24. 
25. 

23. 
27. 


-  Danger. 

-  No. 

-  Yes. 

-  No. 

-  Nil. 


UNITED  STATES. 


Pennsylvania  Railroad  Company. 

1.  —  Yes.  Harrison's  on  the  New- York  division  is  such  a  junction. 

2.  3.  —  Yes. 

4.  —  Probably  50  miles  (80  kilometres)  per  hour. 

5.  —  The  junction  at  Harrisons  is  nearly  symmetrical.  Main  line  is  a  long  easy  curve,  and  branch 
is  a  straight  line . 

6.  -  No. 

7.  —  About  2°  [43  chains  8  ft  (873  metres)  curve].  Speed  unlimited. 

8.  —  None. 

9.  —  a)  See  figure  45. 

b)  See  figure  46. 


Fig.  45. 


Fig.  46. 

10.  —  No. 

11.  —  Ordinary  rails. 

12.  —  No  special  rails. 

13.  —  Formed  of  rails. 

14.  —  3°  49'. 

15.  —  Top  of  guard  rails  is  in  the  same  plane  as  top  of  main  rails. 

16.  —  There  are  junctions  on  a  curve. 

17.  —  Yes. 

18.  —  Do  not  superelevate  curves  through  junction  switches.  On  ordinary  curves  outside  rail  i* 
elevated  above  the  inner  one.  1  inch  for  each  degree  of  curvature  (i)  by  raising  the  ties. 

(>)  As  is  well  known  by  the  expression  •  degree  of  curvature  ■  is  understood  in  the  United  States  the  angle  &t  t^^ 
centre,  which  in  the  curve  under  consideration  is  sub-tended  by  a  line  100  feet  {20*5")  in  length.  (Keportcr'a  note.) 
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19.  —  Guard  rails  are  placed  inside  of  the  track  next  the  inner  rail  and  guard  rail  braces  are  used  on 
outside  of  outer  rail.     Curves  equipped  thus  are  not  considered  safe  for  fast  running. 

20.  —  Only  at  special  places. 

21.  22.  —  Yes. 

23.  —  Danger. 

24.  —  No  special  devices  are  used. 

25.  —  Yes,  at  several  grade  (level)  crossings.    The  siding  was  not  constructed  for  this  purpose,  but 
was  an  existing  piece  of  track  and  was  utilised  as  a  safety  road. 

26.  —  Our  standard  rolling  stock  is  expected  to  pass  safely  at  all  points  on  the  running  tracks. 


FRANCE. 


Paris,  Lyons,  Mediterranean  Railway. 

1.  —  No. 

2.  —  Yes. 

3.  —  No. 

4.  —  For  the  main  line.     In  other  directions  12  ill  miles  (20  kilometres). 
5,6,7,8.  —  Nil. 

9.  —  a)  See  figures  47  and  48. 
b)  See  figures  47  and  48. 


Fig.  47. 


Fig.  48. 


10.  —  No. 

11.  —  Special  section. 

12.  —  The  same  height. 

13.  —  Formed  of  rails . 

14.  —  0.09. 

15.  —  Yes.     Crossing  0.013.     Extent  0  05. 

16.  —  Generally  on  a  curve. 

17.  —  Seldom. 

IS.  —  Superelevation  according  to  speed. 
19,  20.  —  No. 
21,  22.  —  Yes. 

23.  —  Danger. 

24,  25,  26.  —  No. 
27.  —  Nil. 


The  Western  Railwav. 


1.  —  Tliere  does  not  etisl  on  our  system  a  juDCtioD  run  oi-er  at  full  ipecd,  in  an;  direction 
wliatsoeTcr. 

The  en giiie-d rivers  are  iiiroroied,  on  Ilie  cantrarj.  that  in  consequeuM  of  articia  37  of  Ihr  order 
of  18<6  1  •  At  24  3/*  chains  (500  metres)  at  least  before  arriving  at  the  point  whore  n  branch  line 
crosses  the  main  line,  Ibe  engine-driver  must  reduce  his  spe«d  in  such  a  manner  that  the  train  can  be 
brought  10  a  stand  still  before  reaching  thia  crossing.  If  eircumstanees  demand  il,  > 

Tlii"  measure  must  be  rigorously  observed  on  rising  and  falling  lines,  whether  on  the  main  Hue  wben 
approaching  the  junction,  or  on  each  of  Ibe  two  lines  of  which  tbe  junction  is  composed. 

2.  —  The  recommendation  mnde  lo  our  engine-drivers,  and  named  above,  in  absolute. 

Tbera  does  not  eiist,  conaequeutly,  on  our  system  any  junction  of  vrbich  the  main  line  is  run  over 
witiiout  slackening  speed . 

3.  —  Tha  recommendations  above  are  equally  applicable  to  trains  which,  coming  from  one  of  the 
lines  of  the  branch  towards  the  main  line,  do  not  pass  over  facing  points. 

4.  —  The  speed  of  trains  and  engines  must  not  exceed,  when  passing  ovi 
(30  kilometres)  nn  hour,  for  pnssengwr  trains  and  light  engines;  12  1/8  n 
fbr  goods  trains. 

NeverlbelesB,  this  speed  may  be  increased  lo  31  miles  (oO  kilometres)  an  hour  under  special  suthorily, 
(in  tbe  circumstances  determined  in  article  36  uf  the  70th  appendix  of  (he  Oencral  Order,  No.  4).  fiat. 
lip  lo  the  present,  ony  speed  higher  (ban  25  miles  (40  kilometres) has  not  been  authorised , 

5.  —  Most  of  our  junctionssre  formed  according  lo  tbe  type  shown  in  Dgure  49. 


'X  facing  points  :  13  IfS  ntilea 
liles  (SO  kilometres)  an  hour. 


e  radius  of  the  rails  betwee 


.1  of  local  arrang 
IS  (500  metres)  radius. 


:1  of  the  switth 


e  laid  with 


With  one  line  atraigbl,  and  tbe  other  curced ; 
and  the  crossing  is  about  15  chains  (300  metres). 

6.  —  Some  junctions  placed  in  special  sitUBli< 
symmetrical  curves  ;  tbe  curves  are  then  about  2i  3/4  chain: 

In  either  cases,  the  speed  of  the  train  is  of  staled  in  No.  1. 

7.  —  In  this  caiB,  the  radius  of  the  curves  ia  abnut  24  3/4  chains  (500  raelres).  The  [Uaiimuni  speed 
allowed  is  that  indicated  above  in  No.  4. 

P.  —  According  as  slated  above  in  reply  to  No.  5.  Tbe  minimum  radius  of  the  curves  in  noo-syrta- 
metrical  juoclions  is  about  15  chains  (300  metres).  With  regard  to  the  maiimuai  sp«ed.  it  is  alorsyi 
fliedae  slated  above  in  No.  4. 

9.  —  The  arrangements  most  frequently  adopted  for  junctions  are  those  represented  by  the  plan 

la  eveijcase  the  speed  allowed  is  ns  slated  above  in  No.  I. 

Tbe  arrangements  represented  by  HgurosSOandSIare  generally  adopted.  When  train*  on  the  single 
line  pass  one  another  near  the  junction  ws  use  the  arrangement  shown  In  Sgiire  51 . 

Figure  52  indicates  an  arrangement  adopted  more  rarely;  in  Ihia  case  the  switches  of  tbe  junelion  of 
line  preceding  that  for  the  branch  are  trailing  switches  for  the  trains  running  on  the  double  line. 

10.  —  We  do  not  use  any  curved  point-rails  in  our  luru-nula.   whether  the  lino  is  etmiglit   or 
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11.  —  The  profile  of  our  point-rails  in  turn-outs  from  bull-headed  rails  is  the  same  as  that  of  ordin- 
ary mils ;  we  use,  on  the  contrary,  a  special  section  for  point-rails  in  turn-outs  from  Vignoles  rails. 

12.  —  In  switches  for  Vignoles  rails,  the  speciaK  rails  are  5*11  inches  (130  millimetres)  in  height, 
the  ordinary  rails  having  a  height  of  only  4*92  inches  (125  millimetres).  The  thickness  of  the  web 
is  0*55  inches  (14  millimetres)  in  place  of  0*47  inches  (12  millimetres)  in  the  ordinary  rails;  the  base 
of  the  point-rail  of  special  section  is  inclined  at  1  to  20  to  the  axis  of  the  web. 

13.  —  The  acute  and  obtuse  crossings  used  on  our  system  are  nearly  all  made  of  forged  and  planed 
steel. 


Fig.  50. 


Fig.  51. 


Fig.  52. 


14.  —  The  minimum  angle  of  the  acute  crossings  is  4Ho*  and  of  the  obtuse  crossings  5<>30'  both  for 
Junctions  and  station  shunts. 

15.  —  We  only  make  use  of  a  super-elevated  guard  rail  in  obtuse  crossings  of  5<>30'  which  are  more 
especially  utilized  for  crossings  leading  to  slip  points. 

In  this  case,  the  guard  rail  is  2*76  inches  (70  millimetres)  above  the  rail  and  is  IS  1/2  inches 
(470  millimetres)  long. 

16.  —  The  crossings  are  sometimes  straight,  and  sometimes  curved. 

17.  —  This  arrangement  has  been  brought  into  use  at  diflerent  points,  notably  at  Saint-Cloud 
(branch  from  the  Fdtes  Station),  where  it  was  projected  and  constructed  in  1839,  and  at  the  branch  of 
the  line  from  Saint-Cloud  to  £tang-la-Ville. 

18.  -^  The  speed  of  trains  at  junctions  being  reduced,  as  stated  in  No.  i,  we  do  not  give  any  super- 
elevation to  the  exterior  rail  of  junction  curves. 

19.  —  We  have  not  had  recourse  to  any  special  means  for  ensuring  the  safety  of  trains  running  over 
the  curves  of  junctions,  the  speed  being  reduced  as  indicated  in  No.  1 . 
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20.  —  In  our  junctions,  the  interior  rail  is  never  provided  with  a  guard  rail. 

21.  —  At  certain  junctions  denoted  hy  special  orders  and  indicated  in  the  working  time-table  (V), 
facing  points,  as  far  as  the  normal  direction  of  running  is  concerned,  are  provided  with  a  plunger  fixed 
to  a  treadle  or  locking-bar  which  keeps  them  in  an  invariable  position  during  the  passage  of  trains 
and  engines. 

The  use  of  this  plunger,  combined  with  the  interlocking  between  the  signals  and  switches,  allows 
trains,  provided  with  an  effective  continuous  brake,  and  light  engines,  to  run  over  these  junctions  in 
every  direction,  at  a  speed  which  may  amount  to  25  miles  (40  kilometres)  an  hour,  if  other  circcun- 
stances  permit. 

22.  —  The  switches  of  facing  points  at  junctions  are  always  interlocked  with  the  signals. 

23.  —  The  plans  beneath  indicate  the  arrangements  generally  adopted  for  the  signals  of  junctions. 

1st.  Junction  of  two  single  lines. 


Fig.  53. 


The  switch  1  (f5g.  53)  stands  normally  for  the  most  frequented  line. 
The  signals  6,  8  and  1  are  normally  at  •'  danger  • . 
The  signals  2,  4  and  3  are  normally  at  -  all  right  •» . 

The  signals  2  and  6  are  interlocked  in  such  a  manner  that  to  put  6  at  •  all  right  »,  it  is  necessary  to 
put  2  at  «  danger  - . 

The  signals  4  and  S  are  interlocked  in  such  a  manner  that  to  put  8  at  -  all  right  »,  it  is  necessary 
to  put  4  at  -  danger  "  . 

The  signals  1  and  3  are  interlocked  in  such  a  manner  that  to  put  1  at  -  all  right  -.  it  is  necessary 
to  put  3  at  -  danger  ••. 

The  signals  6,  8  and  1  are  interlocked  in  such  a  manner  that  only  one  of  these  signals  can  be  at 
-  all  right  »•  at  one  time. 

2nd.  Junction  of  a  single  line  with  a  double  line. 


Fig,  54. 


n 
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The  switches  1  and  2  (fig.  54)  between  which  the  obtuse  crossing  lies,  are  worked  by  the  same  lever, 
and  their  normal  position  is  against  the  crossing. 

The  normal  position  of  signal  8  is  *•  danger  ** . 

The  normal  position  of  the  other  signals  is  «  all  right  ». 

The  signals  4  and  8  are  interlocked  in  such  a  manner  that  to  put  8  at  *•  all  right  ••  it  is  necessary 
to  put  4  at  «  danger  « . 

The  signals  2  and  6  are  interlocked  is  such  a  manner  that  it  is  necessary  to  put  the  signal  2  at 
•  danger  **  before  signal  6. 

The  signals  8  and  6  are  interlocked  in  such  a  manner  that  they  cannot  be  at  •*  all  right  ••  simultaneously. 

The  lever  of  the  switches  1  and  2,  is  interlocked  with  the  signals  6  and  8,  in  such  a  manner  that  the 
latter  must  be  at  ••  danger  «•  before  the  switches  can  be  set  for  the  obtuse  crossing. 

3nd.  Junction  of  two  double  lines. 


-^r- iS" 

1 
Fig.  Si. 

The  switch  1  (fig.  55)  is  plunged,  and  stands  normally  for  the  most  frequented  direction  A . 

The  switch  3  stands  for  the  most  frequented  direction. 

The  normal  position  of  signal  8  is  «  danger  «• . 

The  normal  positions  of  the  other  signals  is  «  all  right  ••. 

The  signals  4  and  8  are  interlocked  in  such  a  manner  that  to  put  8  at  *•  all  right  •>,  it  is  necessary  to 
put  4  at  •  danger  «*. 

The  signals  2  and  6  are  interlocked  in  such  a  manner  that  it  is  necessary  to  put  signal  2  at  «  danger  •* 
before  signal  6 . 

The  signals  8  and  6  are  interlocked  in  such  a  manner  that  they  cannot  be  at  •*  all  right  » 
simultaneously . 

The  switch  i  is  interlocked  with  signal  6,  in  such  a  manner  that  the  latter  must  be  at  •*  danger  •* 
before  setting  the  switch  for  the  crossing  road. 

24.  —  We  do  not  make  use  of  any  special  appliances  for  permitting  the  continuity  of  the  main  lines 
to  be  maintained. 

25.  —  The  secondary  lines  of  a  small  number  of  junctions  are  provided  with  a  safety  road ;  the  switch 
giving  access  to  this  road  and  that  giving  access  from  the  secondary  to  the  main  line  are  then  manipulated 
by  the  same  lever. 

26.  —  Concerns  engines  department. 

27.  —  The  facing  points  of  our  junctions  not  being  preceded  by  a  home  signal,  it  has  not  been 
possible  to  obtain,  by  interlocking,  the  certainty  that  the  plunging  is  effective  during  the  passage  of 
trains.  The  have  therefore  provided  the  independent  levers  of  the  plungers  of  a  certain  number  of  these 
switches  with  a  balance-weight  sufficient  to  always  bring  these  levers  back  into  the  position  of  «  plunger 
locked  «• ;  a  treadle  with  a  cam  permits  the  pointsman  to  maintain  the  plunger  lever  in  the  position 
•  plunger  clear  •*  during  the  working  of  the  switch. 

For  controlling  the  maximum  speeds  prescribed  by  our  regulations  and  indicated  in  the  replies  to 
questions  4  and  21,  we  use  near  certain  junctions  appliances  called  •*  dromo-p^tards  » . 
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The  Eastern  Railway. 

i.  —  No. 
«.  —  Ye«. 

3.  —  No. 

4.  —  About  56  mfles  (90  kilometres)  an  hoar. 

5.  —  Thii  case  does  not  occar. 

6.  —  This  case  does  not  occor. 

7.  —  Radios  :  30  chains  (600  metres). 

8.  —  The  speed  is  limited  to  25  miles  (40  kilometres)  on  cnnred  lines. 
9    —  a)  This  case  does  not  occur. 

6)  See  figure  56. 


Fig.  56. 

10.  —  No. 

11.  —  Ordinarv  rails. 

12.  —  Riiils  having  the  same  height  as  the  ordinary  rail. 

13.  —  The  acute  and  obtuse  crossings  are  formed  of  rails. 

14.  —  5030. 

15.  —  Yes.  —  For  angles  lower  than  ll®.  —  The  guard  rail  is  formed  of  iron  and  is  super-elerated 
1  *46  inches  (37  millimetres). 

16.  —  Both  the  acute  and  obtuse  crossings  are  always  straight. 
17    —  Yes,  at  some  points. 

18.  —  Yes,  the  same  super- elevation  as  on  curves  between  stations.     The  super- elevation  is  obtained 
by  inclining  the  .sleepers. 
10.  —  No. 

20.  —  Generally,  the  guard  rail  is  of  ordinary  length,  but  the  tendency  is  to  prolong  them  in  order 
to  diminish  tlie  shocks  at  the  entrance  to  the  appliance. 

21.  —  These  switches  are  always  plunged  and  provided  with  treadles. 

22.  —  Yes. 

23.  —  Actually,  the  home  signal  is  alone  normally  at  -  danger  -,  Ihe  advance  signal  is  normally  at 
«  all  right  -. 

In  the  future  the  two  signals  will  be  normally  at  -  danger  -. 
24,25,  26,  27. —No. 

Northern  Railway. 

1.  —  This  case  does  not  yet  occur  on  the  Northern  system,  but  will  occur  very  shortly  The 
regulation  for  junctions  has  been  prepared  with  a  view  to  allow  this  acceleration  to  be  realized  during 
the  passage  of  all  junctions  which  are  in  convenient  conditions  of  curvature  or  gradient.  We  are 
finishing,  on  some  points  of  the  system,  straightening  of  lines  or  erection  of  signals  necessary  in  order  to 
allow  us  to  put  this  regulation  into  force,  and  there  is  reason  to  think  that  tin's  improvement  will  be 
realized  in  the  course  of  the  year  for  the  most  important  junctions  of  the  Northern  system. 

2.  —  Yes,  this  case  is  connected  with  tha  preceding  one,  the  signals  for  the  main  line  being  arranged* 
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in  accordance  with  the  regulation,  in  such  a  manner  that  they  can  he  taken  «  ofT*  in  time  to  avoid  all 
slackening  of  speed  of  trains  running  on  the  main  line. 

3  —  No,  the  rule  applying  to  the  passage  of  trains  at  junctions  is  invariably  the  same  for  both 
directions  of  each  of  the  branch  lines. 

4.  —  That  fixed  by  the  working  time-tables,  and,  in  virtue  of  the  regulation,  engine  drivers  on 
approaching  a  junction  are  not  permitted  to  use  the  discretion  allowed  them,  on  all  the  other  points  of 
the  system,  to  increase  by  half  if  behind  time,  the  speed  fixed  by  the  working  time-tables. 

5.  —  Both  symmetrical  and  non-symmetrical  junctions  are  used  on  the  Northern  system,  depending 
upon  local  considerations. 

6.  —  No. 

7.  —  The  minimum  radius  of  the  curves  is,  in  this  case,  30  chains  (600  metres),  and  the  maximum 
speed  allowed  is  that  fixed  by  the  working  time-table. 

8.  —  The  minimum  radius  is  about  15  chains  (300  metres),  and  the  greatest  speeds  are  25  miles 
(40  kilometres)  for  passenger  trains  and  12  1/2  miles  (20  kilometres)  for  goods  trains. 

9.  —  The  figures  below  (figs.  57  and  5tS)  indicate  the  arrangements  made  on  the  Northern  system  kr 
unctions  of  a  single  line  with  a  double  line. 


Fig.  57. 


Fig.  58. 

In  all  these  junctions,  the  single  line  deviates  by  a  curve  from  the  double  line,  and,  consequently,  the 
trains  on  the  single  line  do  not  run  over  the  junction  at  full  speed. 

10.  —  We  only  use  curved  switches  for  slip  points  which  occur  very  rarely  in  our  junctions. 

11.  —  The  point  rails  are  formed  by  means  of  rails,  weighing  91  lbs.  per  yard  (45  kilogrammes  per 
metre),  of  special  profile  the  webs  of  which  are  inclined  at  1  in  20  to  the  base,  the  sliding  tables  on  the 
chairs  being  horizontal. 

12.  —  These  special  rails  have  nearly  the  same  height  as  the  ordinary  rails,  but  their  width  at  the 
ba;ie  is  considerably  less. 

13.  —  We  only  employ  acute  and  obtuse  crossings  formed  of  rails. 

14.  —  The  minimum  inclination  of  acute  crossings  is  1  to  11.  The  minimum  inclination  of  obtuse 
crossings  is  1  to  9. 

15.  ~  All  our  obtuse  crossings  are  provided  with  super-elevated  guard  rails  to  guide  the  wheels 
during  their  passage  over  the  gaps. 

The  super-elevation  adopted  is  2 .36  inches  (60  millimetres)  for  crossings  having  an  inclination  of  1  to  9, 
and  1  inch  (25  nlillimetres),  for  crossings  having  an  inclination  of  1  to  7.7  and  upwards. 

15.  —  We  have  not  always  been  able  to  design  our  junctions  in  these  conditions  and  generally  the 
angle  of  the  obtuse  crossings  differs  from  that  of  the  acute  crossings,  but  the  crossings  themselves  are 
always  straight. 

17.  —  This  arrangement  has  been  brought  into  use  at  many  of  our  junctions,  notably  at  tbel£pinay 
junction  (lines  from  Paris  to  Pontoise  and  from  ^pinay  to  MontsouU),  and  at  the  Menessis  junction  (lines 
from  Greil  to  St.-  Quentin  and  from  Amiens  to  Tergnier). 
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IP,  —  Tilers  is  no  super-Hevalion  in  the  const iluenl  partaorajuiiclion. 

An  .insner  to  the  general  queslion  may  be  eipccted  in  questioii  1 . 

19.  —  Vi'e  tinyenoirraiigemeuls  designed  to  make  up  !br  tlie  sbssnce  ofsuper-eleTationin  thecurvei 
of  juncliooa,  but  when  tbe  curves  are  loo  sharp  in  relation  to  Ibe  speed  of  tbe  truinf,  we  place  sign  posts 
in  advance  oribcni  indicating  lo  the  erg ine-d rivers  tbe  limit  of  speed  whicli  they  must  observe . 

SO.  —  In  Junctiuas,  guard  rails  are  oul;  used  to  Ibe  right  of  the  gaps  of  the  crosaings. 

!i.S2.  -  Yes. 

23.  —  Wilb  the  exception  of  some  coses  —  on  account  of  local  circumstances  —  the  interlocked 
junctions  are  preceded,  ia  each  of  the  directions,  hj  signals  as  follows  : 

1.  A  junction  ligrial,  which  consists  of  »  post  bearing  a  plate,  on  wbicb  is  inscribed  (be  won) 
-  junction  -  [•  Bifiir  •}  in  black  Utters  on  ii  transparent  hack-ground,  placed  at  a  distance  of  10  chaioi 
(£00  metres)  at  least  in  advance  of  the  distant  signal,  hereafter  described. 

At  night,  this  signal  is  illuminated  bj  a  transpai'ency  and  gives,  consequently,  the  same  appearance  ai 
in  tbedajtime. 

E.  A  red  ditlani  tignal.  at  a  sufficient  distance  Trom  the  home  signal,  hereafter  deKribed,  lo  cover  i 
train  stopping  in  front  of  it. 

3.  A  Kgnat  wllli  i  green  and  lehlte  board,  liied  or  turning,  placed  al  a  distance  of  39  3/4  l< 
44  Zji  chains  (800  lo  900  metres)  from  the  homo  signal  hereafter  described. 

4.  .-I  hoift  tignat  with  a  red  at%d  ichilt  board    provided,  but  only  on  tbe  lines  run  over  in  one 
direction,  willi  a  log  Hignal  which  is  automatically  placed  on  the  rail  when  the  signal  is  at  -  danger  •. 
This  signal  is  placed  al  a  distance  of  6  chuins  (lEO  metres)  from  tlie  point  il  has  to  cover  which  is  eilhei 
tlie  point  where  Uie  interval  beteveeo  the  two  lines  of  way  is  reduced  to  5  feet  9  inches  (I  in  "^Sj 
facing  point.     Tbia  distance  can,  in  certain  cases,  be  reduced, 

In  additiou,  a  tignal  of  dirtction,  worked  with  tbe  same  lever  as  Die  Tacing  point,  indicates 
eagine-drivers  the  direction  gi»eu  by  the  switch. 
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On  each  of  the  branchesof  a  junction  and  on  the  line  common  tobolh,  the  distant  signals  are  oormalt,  J 
set  al  -  all  right  -,  the  home  signals  are  normally  al  -  danger  -,  and  the  signals  with  green  and  whil  i 
boards,  oven  when  they  are  movable,  are  normally  at  -  danger  -,  (Eitraet  Groin  regulations  for  tbe  pj 
of  trains  at  junctions  and  swing  bridges.) 

£4.  —  No  test  of  this  kind  has  been  made  on  tbe  Northern  system. 

Ss.  —  On  llie  lines  which  the  Northern  Company  works  itself,  there  is  no  example  ol  this  ai 
menl.    But  it  eiisls   on   some  secondary   lines,  either  of  normal  or   nurrow  gauge,  abutting  t 
the  Northern  lines,  either  by  a  junction  or  level  crossing,  in  certain  cases,  for  eiample,  where  eilb^' 
on.account  of  the   gradient  of  the  secondary  lines   towards   the  Northern   lines,  or  on  account  * 
tbe  angle  of  the  crossing,  this  precaution  is  rendered  indispensable. 

We  may  cite,  as  eiamples  of  this  arrangement,  for  junctions  with  foreign  lines,  St.  Quenlin  [lia 
frora  V*lu  lo  SI.  Quenlin  on  a  gradient  of  1   in   100  (10  miilimelreslj ;   Dercy-Mortiers  (the  Ser- 
Valley  line):  Moncbecourt  (tbe  Aiiocourt  mines  crossing)-.  Ham,  Hosi^res,  Nesles,  Montreuil,  Ii 
Fontioeltes  (lor  oblique  crossings  of  narrow  gauge);  fiually.  the  Blense-Borne,  Ibe  Madeleine,  alV 
(for  tramways  cutting  the  main  lines  at  nearly  right  angles). 


26.  - 


•  No. 


-  No. 


Souttiera  Railway  aitd  Garonne  Canal. 


-  At  junctions  which  exist  on  the  Suutheru  Kystem,  the  engine-driiera  of  the  trains  of  ^-tt 
main  line  must  reduce  their  speed  to  such  an  eileul  that  Ibeir  train  can  be  stopped  before  roncbi  "i' 
tlw  home  signal  of  the  junction,  if  circumslanMs  demand  it.  With  regard  to  those  who  are  goiaV 
to  or  coming  from  the  branch  line,  they  must  always  stop  before  reaching  the  points. 
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3.  —  No. 

4.  —  In  the  Southern  system,  there  is  no  special  limitation  of  speed  for  trains  passing  over  a 
junction . 

5.  —  We  have  no  junctions  run  over  in  the  conditions  of  No  1. 

6.  —  We  have  no  junctions  run  over  in  every  direction  at  full  speed. 

7.  —  On  all  junctions,  the  trains  stop  before  going  to  or  coming  from  the  branch;  their  speed  on 
the  diverging  line  is  consequently  very  low  :  The  minimum  radius  is  13  1/2  chains  (21(y^Si), 

8.  —  Main  line  :  radius  infinite. 
Branch  line  :  radius  13  l/t  chains  (270«n81). 
The  latter  is  run  over  at  a  very  low  speed. 

9.  —  a)  This  case  does  not  occur  on  our  system. 
b)  See  figures  59,  60,  61  and  62. 
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Fig.  50. 


Branch  litu 


Branch  line 


Place  line 


Fig.  60. 


Branch  line. 


Place  line 


Fig.  61. 


Place  line 


Branch  line 


IJ'J'M'".  Signal  thawing  the  direction  of  twitch 
i.i'.i  ',i"'.  id.  potUion      id. 


Fig.«2. 


10.  —  We  do  not  make  use  of  curved  point-rails  in  any  case. 

11.  —  The  Southern  Company  use,  at  junctions,  poiat-rails  formed  of  strengthened  Vignolcs  raih 
weighing  124  lbs.  per  yard  (61.500  kilograms  per  metre). 

12.  —  The  special  rails  for  switches  have  the  same  height  as  the  ordinary  rail. 

13.  —  The  Company  uses  only  acute  and  obtuse  crossings  cast  in  one  piece. 
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a  angleti  adopteij  up  to  [he  present  on  Ibe  Sonlbem   syatero  are  SI'S"!! 
the  acute  crosaiaga  and  7°  26'  H"  for  tlie  obtuse  crossings.    Tlie   cotupaa;  is   about  to    tue  obton 
crossings  with  an  angle  of  fi"  IT  46". 

ia.  —  The  Souihera  Compon;;  bas  only,  up  to  the  present,  tested  aupei^eleialed  guard  rails  for 
Uie  obliisB  crossiugEj  but  the  new  Ijpe  adopted  with  an  angle  of  6»  17'  it"  hai  guard  raiU  aalter- 
elevaled  £.£4  inches  (57  millimctrBs). 

16.  —  The  junctions  are  designed  so  that  the  crossings  ore  straight;  no  curved  seule  or  obtuae 
crossings  exist  on  the  system. 

17.  —  Yes.  In  Cette  station  for  the  crossing  of  the  Uontbaiin  line  bj  goods  lines. 
Al  Beautiran,  Pezenas.  Moiitbaiin,  Beiiers  und  Uonlpellier  Tor  Janctions  of  local  Haas  with  Ui« 

Soutbem  lines . 

IS.  —  Tile  junction  of  the  outer  cii'cte  of  Bordeaux  with  the  Sajonne  line  is  an  ioslance  of  this  kta<l. 

'e  of-ld  chains  (930  metres)  radius,  the  super-elevation  is  1*96  inches  (50  miUi- 

ind  the  diverging  line  of  the  junction  iuis,  consequeutly,  a  contrary  super-elevalioa.      On  the 

a  line,  the  super^lex'ation  of  196  inches  (50  millimetres)  is  obtained  by   the  incliuatioa  of  the 

sleepers  and,  in  order  to  diminish  Ibe  contrary  super- elevation  of  the  diverging  line,  the  sleepers  are 

notched  on  the  EJde  of  the  small  radius.     This  arrangecneni  ts  shown  on  the  section  below  (ilg.  £3). 


A.A'.A".  Ad  V.I  nee  si  gnu  I. 

C",  C,  C,  Home  signal. 

B.  Stopping:  point  for  all  trnins  coming  fro  n  the  braniih  line 

D.  Slopping  point  for  all  trains  going  to  the  branc!]. 

I.  Signal  showing  direction  of  switch. 

I.  Signal  showing  pusitlon  of  switch. 
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24.  —  Up  to  the  present,  no  special  forms  of  switches  and  crossings  Williams,  Blauel,  etc.,  wliich 
permit  the  continuity  of  the  main  line  to  be  maintained,  have  been  made  use  of  on  the  Southern  system. 

25.  —  No. 

26.  —  No  trains  run  over  the  curves  of  junctions  at  full  speed. 
Trains  coming  from  or  going  to  the  branch  stop  at  the  junction. 

As  regards  the  trains  on  the  main  line,  the  engine-drivers  are  instructed  to  reduce  their  speed  to  such 
an  extent  that  they  can  stop  their  trains  at  the  home  signal  of  the  junction  if  circumstances  demand  it. 
(Art.  37  of  the  order  of  1846.) 

27.  —  Ordinary  arrangements  of  our  junctions.     See  figure  65. 


Linft  run  over  al 
full  spent  by  trains 
in  both  directions. 


Lines  run  over  in 
both  directions  after- 
the  trains  have  come 
to  a  standstill  before 
reaching  the  junc- 
tion. 


Fig.  65 


UNITED  KINGDOM  OF  GREAT  BRITAIN  AND  IRELAND  AND  ITS  COLONIES. 


(ircat  Eastern  Railway. 

1,  2,  3.  —  Yes. 

4.  —  There  is  no  limitation  in  speed  at  junctions  generally.  At  certain  junctions,  however,  owing 
to  exceptional  circumstances,  a  speed  restriction  is  imposed,  and  in  the  case  mentioned  in  clause  2  the 
maximum  speed  is  15  miles  per  hour. 

5.  —  No. 

6.  —  Yes.     Many  cases  exist. 

7.  —  Have  no  such  case. 

8.  —  About  10  chains  (201  metres).  The  maximum  speed  allowed  is  15  miles  (24  kilometres)  per 
hour. 

9.  —  Nil. 

10.  —  No,  the  point  rails  are  straight  in  all  cases. 

11.  —  The  point  rails  are  formed  out  of  ordinary  sections. 

12.  —  Nil. 
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is.  —  'i'lie crowiiigs  are  built  ujj  ulrailsof  the  Siime  section  u  the  ruoniag  rail*. 
H.  —  About  8°  lo  9". 

15.  —  AH  crosaings  are  guarded  by  cbeclc  raiU,  which  in  most  cmw  ar«  IS  fe«t  (S^^)  long.     No 
gaati  roil;  outside  tbe  runniiig  rail.-i  art  umd. 

16.  —  Juiictioa»  arc  alwaj9  Inid  out  M)  that  Ujediamtind  croMiDgsaraODUicilrKigbt. 
le  them  being  on  a  cum.  but  it  it  tar;  undaairabl*. 


17.  - 


No. 


18.  —  The  Inrgesl  amount  ol  superelaTatioo  possible,  subject  or  couna  to  ill  not  tmog  in  umm  of 
the  calt^lated  amount,  is  always  giveo  at  junctioni;  genarallj  it  is  difflottlt  to  g«t  Uw  (nit  amount  of 
Bupcrelevalioa  desirable.  The  limbers  ara  generallj  cant«d  wliera  poaaible  or  tbe  lower  chairs  ara  let 
into  the  limber  by  •jagging  •■■ 

]y.  —  If  it  is  impossible  tu  (rive  llie  (iill  supereleTatioa  required  atid  circumataDCel  Deoesaitala  onlj 
a  very  little  auperelevation  tbe  speed  of  trtine  should  be  reduced  so  u  to  bring  it  in  accordance  with  the 
eupereleTRlion  which  can  be  given. 

20.  —  Only  at  special  places. 

81,  n.  —  Yea. 

23.  —  In  places  wbare  junction  block  workingaiiatsthe  junction  signals  are  kepi  normally  at  danger. 

it.  —  No. 

85.  —  Yes,  there  are  places  where  a  brunch  junction  line  connects  with  auother  rwid,  and  the 
points  leading  into  this  road  may  be  set  so  aa  lo  form  a  trap  when  a  converging  train  ia  signaUed  on  the 
other  road. 


London  and  South  Western  Railway. 


1,  2. 


-  Yes. 


-  No. 


4.  —  50  miles  (SO  kilometres)  an  hour. 

5.  6.  —  No. 

7-  —  See  No.  5. 

S.  —  Miiiimnm  radius  7  chains. 

9.  —  Reduced  speed  is  enjoined  at  all  single  with  -  double  •  junctions  (vide  figure  Ii6). 


11.  —  Ordinary  rails. 

12.  —  See  No.  II. 

13.  —  Formed  of  rails. 

14.  -  One  in  8. 

I(i.  —  Generallj  on  .1  cui 
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18.  —  Superelevation  to  the  outer  rail  of  a  curve  is  given  as  soon  as  ibe  junction  will  allow. 
Superelevation  would  be  obtained  by  lifting  and  packing  with  ballast  the  outer  rail. 

19.  —  A  check  or  guard  rail  is  sometimes  provided  within  the  inner  rail  of  a  curve  leading  from  a 
junction. 

1^.  —  At  special  points  only. 

21.  —  Yes,  all  facing  points. 

22.  —  Yes. 

23.  —  On. 

24.  25,  26.  —  No. 


Lancashire  and  Yorkshire  Railway. 


1,  2.  —  Yse. 

3.  —  No. 

4.  —  Nil. 

5.  —  No. 

6.  —  Yes. 

7.  8.  —  Nil. 

9.  —  See  figure  67. 


Fig.  67. 

• 

10.  —  No. 

11.  —  Formed  of  ordinary  rails. 

12.  —  Nil. 

13.  —  Formed  of  rails. 

14.  —  Down  and  crossing  1  in  10,  and  crossing  1  in  13. 

15.  —  No. 

16.  —  On  a  curve, 

17.  —  Yes. 

18.  —  SUght  superelevation  is  sometimeH  given  by  placing  wood  pucking  under  the  chairs  of  the  outer 
rail  of  the  curve,  but  this  is  exceptional . 

19.  —  Nil. 

20.  —  Only  at  special  places  except  on  very  sharp  curves. 

21.  —  All  facing  points  are  fitted  with  plunger  and  locking  bar. 

22.  —  Yes. 

23.  —  At  danger. 

24.  25,  26.  —  No. 

Great  Northern  Hallway. 

1.  —  The  general  rule  is  that  main  line  trains  passing  h  junction  do  not  reduce  speed,  but  train*  from 
branch  lines  reduce  speed  from  10  to  20  miles  (16  to  3V  kiloinetrwO  «ii  liour. 

2.  —  Yes. 

3.  —  At  all  junctions  trains  passing  on  to  or  off  branch  lints  /ire  r«r(uired  Ut  reduc#  »»|*eed. 
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4.  —  50  mites  (80  kilomelres)  per  hour. 

5.  — No. 

6.  —  There  are  do  cases  in  which  jancyons  are  passed  in  efery  direction  al  full  speed. 

7.  —  No. 

8.  —  Minimum  radius  10  chains  (201  metres).    Maximum  speed  lor  radios  of  iO  chains  (201  metres) 
10  mites  (16  kilometres)  an  hour. 

9.  —  Junctions  are  always  laid  in  for  douhle  lines. 

10.  —  No. 

11.  —  Ordinary  rails . 

12.  —  The  same  height  as  ordinary  rails. 

13.  —  Formed  of  steel  rails. 

14.  —  i  in  25. 

15.  —  Clheck  rails  not  supereleTated  are  laid  to  the  outer  rail  opposite  tlie  gap  in  tlie  crtMsiDg  in  all 


16.  —  BoUi. 

17.  —  Yes,  in  many  instances. 

18.  —  Superelevation  is  given  to  the  outside  rail  in  accordance  with  a  table  regulated  by  the  speed 
allowed.    The  sleepers  are  packed. 

19.  —  Yes,  a  check  or  guard  rail  is  fixed  next  the  inner  rail . 

20.  —  Yes,  through  the  whole  length. 

21.  22.  —  Yes. 

23.  —  At  danger. 

24.  —  No. 

25.  —  Never  in  the  case  of  passenger  lines. 

26.  —  No. 


London,  Brighton  and  South  Coast  Railway. 

1.  —  Yes. 

2,  3.  —  No. 

4.  —  From  30  lo  40  miles  (48  to  6-1  kilomelres)  an  hour. 

5,  6.  —  Yes. 

7.  —  20  chains  (40'^  melres).     30  miles  (48  kilometres  an  huur. 

S.  —  Nil. 

9.  —  No  special  arra I itrement. 

10.  —  Nil. 

11.  —  Ordinan  rails. 

12.  —  Nil. 

13.  —  Formetl  of  ordinary  rails. 

14.  —  1  in  8. 

15.  —  No. 

16.  —  Straight. 

17.  —  Yes. 

18.  —  No  superelevation 

19.  —  Nil. 

20.  —  Throughout  its  whole  length. 

21.  22.  —  Yes. 

23.  —  At  iianger. 

24,  25,  2»>.  —  No. 
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Manchester,  Sheffield  and  Lincolnshire  Railway. 

1,  2,  3.  —  Yes. 

4.  —  50  miles  (80  kilometres)  an  hour. 

5.  —  Nearly  always  so  —  not  in  every  case. 

6.  —  No. 

7.  —  Sharpest  curve  20  chains  (402  metres).  No  restriction  of  speed. 

8.  —  Minimum  radius  20  chains  (402. metres).  No  restriction  of  speed. 

9.  —  All  double  junctions. 

10.  —  No. 

11.  —  Ordinary  rails. 

12.  —  No  special  rails. 

13.  —  Formed  of  rails. 

14.  —  Minimum  angle  1  in  8. 

15.  —  Yes,  angle  1  in  8  and  continue  on  in  places  to  the  end  of  the  switch  rail. 

16.  —  Both. 

17.  —  No. 

18.  —  As  much  superelevation  is  given  as  crossings  will  admit  and  is  effected  by  packing  the 
sleepers  or  timbers. 

19.  —  The  further  means  used  is  the  adaption  of  check  or  guard  rails. 

20.  —  Yes,  depending  on  the  curve. 

21.  22.  —  Yes. 

23.  —  Dongcr. 

24,  25.  —  No. 

North  Eastern  Bailwav. 

1,  2.  —  Yes 

3.  —  Nil. 

4.  —  50  miles  (80  kilometres)  ])er  hour. 

5.  6.  —  No. 

7.  —  15  chains  (301  metres)  radius  —  38  miles  (48  kilometres)  per  hour. 

8.  —  Same  as  No.  7. 

9.  —  All  junctions  of  main  line  are  double. 

10.  —  No. 

11.  —  Ordinary  rails. 

12.  —  Nil. 

13.  —  Formed  of  rails. 

14.  —  1  in  9. 

15.  —  Yes  in  all  cases  5  to  6  feet  (1™53  to  lm83)  on  each  side  of  the  gap. 

16.  —  No,  many  are  on  curves. 

17.  —  No. 

18.  —  Superelevation  is  given  as  far  as  possible,  but  cannot  be  applied  to  crossings  by  packing 
the  sleepers. 

19   —  Nil. 

20.  —  Ouly  at  special  places. 

21.  22.  -  Yes. 

23.  —  At  danger. 

24.  —  No. 

25.  —  Yes. 

26.  —  No. 
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Caledonian  Railway. 

i,  2.  —  Yes. 

3.  —  No. 

4.  —  No  limit,  but  say  50  miles  (80  kilometres)  an  hoar. 

5.  6.  —  No. 

7.  —  Half  a  mile  (800  metres)  radius,  and  say  50  miles  (80  kilometres)  an  hoar. 

8.  —  We  do  not  go  at  fall  speed  through  such  junctions. 

9.  —  The  arrangement  we  adopt  is  to  make  a  double  junction  and  this  applies  whether  the  speed 
is  fast  or  slow. 

10.  —  No. 

11.  —  Ordinary  rails. 

12.  —  We  haye  none. 

13.  —  Formed  of  rails. 

14.  —  1  in  8.  •' 

15.  —  We  use  guard  rails,  but  they  are  not  supereleyated. 

16.  —  The  junctions  are  not  always  laid  out  so  that  the  crossings  are  in  a  straight  line,  but 
some  of  them  are  on  a  curve. 

17.  —  No.     . 

18.  —  Yes,  and  to  fhh  extent  which  the  radius  of  the  earye  reqolrae  and  the  other  rails  of  the 
junction  admit  of. 

No,  we  pack  up  the  sleepers  with  ballast. 

19.  —  We  provide  check  rails  through  the  crossing  in  all  cases,  wether  the  outer  rail  is  eleyaied 
or  not,  and  have  found  this  arrangement  satisfactory. 

20.  —  Throughout  the  whole  length  if  ihe  radius  of  the  curve  is  10  chains  (201   metres)  or 
under. 

21.  22.  —  Yes. 

23.  —  Danger. 

24.  —  No. 

25.  —  Yes. 

26.  —  No. 

27.  —  Nothing  to  add. 

(ilasgow  and  South  Western  Railway. 

1.  —  No. 

2.  —  Yess. 

3.  —  No. 

4.  —  15  miles  (24  kilometres)  an  hour  going  through  the  junction,  and  60  miles  (96  kilometres) 
an  hour  for  trains  going  straiglit  on. 

5.  6.  —  No. 

7.  —  15  chains  (301  metres)  radius,  15  miles  (24  kilometres)  an  hour. 

8.  —  20   1/2   chains  (412   metres)  radius,   15  miles  (24  kilometres)  an  hour  going  through  the 
junction. 

9.  —  Double  junction  (see  figure  68). 

10.  —  No. 

11.  —  Ordinary  rails. 

12.  —  Nil. 

13.  —  Formed  of  ordinary  rails. 
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14.  —  See  sketch  annexed  (figure  69). 

15.  —  No. 

16.  —  The  junctions  are  laid  out  both  curved  and  straight. 

17.  —  No. 

18.  19.  —  Nil. 

20.  —  Its  whole  length  (see  figure  69). 

21,  22.  —  Yes. 

23.  —  Danger. 

24,  25.  —  No. 


Fig.  68. 


Great  Indian  Peninsula  Railway. 

1.  —  No^  not  in  each  direction;  the  speed  depends  on  whether  points  are  facing  or  trailing. 

2.  —  No,  by  our  rules  the  speed  over  all  facing  points  is  reduced  to  10  miles  (16  kilometres) 
an  hour. 

3.  —  At  all  junctions  where  there  are  facing  points  the  10  miles  (16  kilometres)  an  hour  rule  is  in 
force,  but  it  does  not  refer  to  trains  taking  the  points  trailing. 

4.  —  10  miles  (16  kilometres)  an  hour. 

5.  —  Not  always. 

6.  —  No. 

7.  —  About  1,200  feet  (394  metres)  radjus.     No  maximum  speed  is  laid  down  as  such  junctions  are 
so  situated  as  to  necessarily  cause  the  speed  not  to  exceed  about  20  miles  (32  kilometres)  an  hour. 

8.  —  The  reply  to  the  last  question  applies  here  also. 

9.  —  We  have  no  such  junctions. 

10.  —  No. 

11.  —  They  are  formed  out  of  ordinary  rails. 

12.  —  Nil. 

13.  —  As  a  rale  they  are  formed  of  rails. 

14.  —  No  diamond  crossing  is  flatter  than  1  in  8.     Our  flattest  ordinary  crossing  is  1  in  12. 

15.  —  No,  the  guard  rails  are  not  superelevated . 

16.  —  With  one  exception  the  crossings  are  on  the  straight. 

17.  —  No. 

18.  —  Superelevation  is  not  given,  the  speed  of  trains  not  calling  for  it. 

19.  —  As  trains  do  not  pass  junctions  as  full  speed  no  special  means  have  been  adopted. 

20.  —  Only  at  special  places. 
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p/^ned  to 


'/v?: 


I  IN  12  R 


I   IN   10-3"R 
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''^6-e;6''f, 


Fig.  09. 
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21,  22.  —  Yes. 

23.  —  Danger. 

24,  25.  26.  —  No. 


Great  Western  Railway. 


1.  —  No,  full  speed  is  only  maintained  upon  the  lines  which  are  straight  or  have  a  comparatively 
easy  curve. 

2.  —  Yes,  but  only  in  a  few  cases. 

3.  —  No,  we  make  no  difference  between  trailing  and  facing  points. 

4.  —  60  miles  (96  kilometres)  an  hour. 

5.  6.  —  No. 

7.  —  We  have  no  such  curve. 

8.  —  We  have  such  cases  in  which  on  sharp  curve  road  we  allow  a  curve  of  about  10  chains 
(201  metres)  radius,  and  a  speed  of  about  15  miles  (24  kilometres)  an  hour. 

9.  —  If  one  line  can  be  laid  out  straight  or  nearly  so  and  the  other  at  a  comparatively  sharpe  curve, 
full  speed  is  allowed  over  the  straight  line  and  reduced  speed  enforced  over  the  sharp  curve.  If  both  lines 
are  sharply  curved  speed  is  reduced  on  both  lines  in  both  directions. 

10.  —  No. 

11.  —  Formed  out  of  ordinary  rails. 

12.  —  Nil. 

13.  —  Crossings  are  formed  of  rails. 

14.  —  About  1  in  8. 

15.  —  Only  ordinary  guard  rails  about  the  same  height  as  the  running  rail  are  used,  and  they  are  used 
for  all  angles  and  extend  abou  1 9  feet  [2^1i). 

16.  —  If  the  curves  require  it  the  crossings  are  curved. 

17.  —  Yes,  the  subway  for  Metropolitan  trains  to  Westbourne  Park. 

18.  —  Superelevation  is  given  to  the  outside  rail  according  to  the  radius  of  the  curve  by  means  of 
packings  underneath  the  outside  rail.    This  can  only  be  done  satisfactorily  when  the  elevation  is  slight. 

19.  —  We  have  never  tried  any  method  of  avoiding  the  necessity  for  superelevation  if  passing  at  a  high 
rate  of  speed. 

20.  —  Only  at  places  opposite  crossings. 

21.  —  The  facing  points  are  fitted  with  locking  bars  and  treadles  and  are  plunged  but  not  the  trailing 
pointo. 

22.  —  Yes. 

23.  —  At  danger. 

24.  —  None  are  used. 

25.  —  Not  if  a  passenger  train  travels  over  unimportant  lines  but  on  some  mineral  branches  a  short 
sidings  is  so  used  to  protect  the  main  line. 

26.  —  We  have  many  different  kinds  of  rolling  stock  passing  such  junctions. 

North  British  Railway. 

1,  2,  3,  4.  —  The  speed  of  trains  through  junctions  is  regulated  by  rule  as  follows  :  —  •  Engine 
••  drivers  of  trains  when  running  through  junctions  to  or  from  lines  diverging  from  the  straight  road, 

•  must  so  reduce  their  speed  as  to  ensure  a  steady  passage  for  the  whole  train  through  the  junction  points 
»  and  crossings.     Where  special  rates  of  speed  to  be  observed  in  running  over  certain  junctions  and  other 

•  portions  of  the  line  are  fixed  they  will  be  found  in  the  notices  or  appendices.  » 

5.  —  No. 


Ill 

76 


6.  —  See  answer  to  questions  no*  1,  2,  3  and  4. 

7,  8.  —  Nil. 

9.  —  We  have  no  uniform  practice. 

10.  —  Nil. 

11.  —  Ordinary  rails. 

12.  —  Nil. 

13.  —  Formed  of  raiU. 

14.  —  Cannot  give  this  information. 
j5.  —  No. 

16.  —  We  have  junctions  of  both  descriptions. 

17.  —  No. 

18.  —  This  depends  on  what  the  junction  is. 

19.  —  Guard  rails  are  used  where  necessary. 

20.  —  We  have  no  uniform  practice. 

21.  22.  —  Yes. 

23.  —  Danger. 

24.  —  We  do  not  use  any  special  forms  of  points. 

25.  —  No. 


Midland  Railway  (Englandjr. 


1.  —  No. 

2.  —  Most  of  our  junctions  are  of  this  description. 
3  —Yes. 

4.  —  No  specified  speed. 

5,  6,  7,  8.  —  Nil. 
9.  —  See  fig  70. 


FiR.  -0. 

11.  —  Planed  out  of  ordinary  rails. 

12.  —  Nil. 

13.  —  Formed  of  rails. 

14.  —  Diamond  crossings  are  as  far  as  possible  kept  about  1  in  8. 

15.  —  Nil. 

16.  —  Not  always. 

17.  —  Yes. 

18.  —  The  surfaces  of  the  rails  of  both  roads  are  kept  in  one  plane  so  as  to  give  the  requisite  super- 
elevation in  the  fast  line. 

19.  —  Nil. 

20.  —  Only  at  special  places. 

21.  22.  —  Yes. 

23.  —  At  danger. 

24.  25.  —  No. 
26.  —  Nil. 
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New  South  Wales  Government  Railway. 

1.  —  No.  ' 

2.  —  Yes;  speed  is  not  limited  when  passing  over  facing-points  in  the  straight  road,  but  in  all  cases 
it  is  reduced  on  curves  t6  branch  lines. 

3.  —  No. 

4.  —  In  the  case  referred  to  in  question  No.  2,  40  miles  (64  kilometres)  per  hour  is  allowed  on  the 
straight  road,  and  15  miles (24  kilometres)  per  hour  is  allowed  on  the  branch.  ' 

5.  —  See  answer  to  question  No.  1 . 

6.  —  There  are  no  such  cases. 

7.  —  See  reply  to  question  1  and  5 . 

8.  —  Radius,  10  chains  (201  metres);  speed,  10  miles  (16  kilometres)  per  hour. 

9.  —  (a)  None. 

'{b)  See  Sketch  below  (No.  71).    Speed  in  all  cases  reduced  on  branch  lines;  full  speed  on 
main  lines. 


Line»  rttn  over  i 
in  fuU  Bpeed,    ^ 


Unf$  run  over  in  tlacKening. 


Fig.  71. 

10.  —  Yes;  point-rails  15  feet  (4''5)  in  length  are  curved  3/8"  (10  mm.)  in  the  whole  length. 

11,  12.  —  They  are  formed  out  of  ordinary  rails. 

13.  —  Formerly  cast-steel  reversible  crossings  were  used,  but  these  have  not  been  found  satisfactory 
and  crossings  built  up  of  ordinary  rails  are  now  the  standard. 

14.  —  At  all  junctions  on  main  lines  ordinary  crossings  are  limited  to  1  in  9,  and  diamond  cross- 
ings 1  in  8; 

15.  —  Check-rails  are  laid  on  the  same  level  as  the  running  rail. 

16.  —  The  crossings  are  always  laid  in  a  straight  line,  except  in  special  cases. 

17.  • —  There  are  no  flying  junctions  in  this  Colony. 

18.  —  No  superelevation  is  given  to  the  outer  rail  of  the  curves  at  junctions  on  straight  roads.  In 
the  case  of  junctions  where  the  roads  curve  in  opposite  directions  superelevation  is  given  by  packing 
the  ballast  and  cutting  out  the  timbers  where  necessary. 

19.  —  No. 

20.  —  No  guard-rails  are  used  except  at  the  crossings,  which  are  now  made  21  feet  (6°^40)  long  in  all 
cases. 

21.  —  Yes,  in  all  cases  with  locking-bars. 

22.  -^  Yes. 

23.. —  At  «  danger  ». 

24.  —  No. 

25.  —  One  case  only  exists,  viz  :  on  the  Redhead  Line  (private  line)  at  its  junction  with  the  main 
Northern  Line  at  Adamstown,  near  Newcastle. 

26.  —  No  special  rolling-stock  is  reserved  for  this  purpose. 

London  and  North  Western  Railway. 

1,2.  —  Yes. 

3.  —  No. 

4.  —  The  ordinary  speed  of  the  train  at  the  discretion  of  the  driver.    Not  limited  by  any  regulation. 
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5.  —  No. 

6.  —  Yes. 

7.  —  (See  answer  to  question  5.) 

8.  —  30  chains  (603  metres),  ordinary  speed  of  the  trains.    No  limitation. 

9.  —  The  junctions  are  always  double  with  the  double  line. 

10.  —  No. 

11.  —  Out  of  ordinary  rails. 

13.  — ■'  Formed  of  rails. 

14.  —  Standard  maximum  angle  for  diamond  crossings  1  in  8,  other  eroasings  1  in  15. 

15.  —  No. 

16.  —  Curved  or  straight  as  may  be  wanted. 

17.  —  Yes,  in  some  cases. 

18.  —  Where  superelevation  can  be  given,  the  chair  seat  (if  on  the  same  timber  or  sleeper)  is  jagged 
out  under  the  lower  rail. 

19.  —  Only  a  high  standard  of  maintenance. 

20.  —  Occasionally  the  whole  length,  generally  only  at  special  places. 

21.  22.  —  Yes. 

23.  —  At  danger. 

24.  —  None  such  are  used. 

25.  —  No. 

26.  —  No,  but  obviously  carriages  of  the  most  recent  construction  are  put  in  the  roost  important  and 
swiftest  trains. 

27.  —  See  fig.  72,  73,  74,  75,  76,  for  junctions  over  which  engine  drivers  are  not  required  to  slacken 
the  speed  of  trains;  and  diagrams  Nos.  77,  78,  79,  for  junctions  over  which  trains  slacken  speed. 
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Fig.  "3. 


W^^TS^^ — 


J//-J- 


Fig.  74. 
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Fig.  75. 
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OtrJL  i4dt 


Fig.  70. 


Jtrjii^fyf 


Fig.  77. 
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Fig.  79. 


HOLLAND 


J^^r^/A/ 


Dutch  Railway. 

1-2.  —  No. 

3.  —  Yes. 

4.  —  28  miles  (45  kilometres)  an  hour. 

5.  —  Many  junctions  are  symctrical  in  order  that  they  may  be  run  over  without  slackening  speed  by 
trains  coming  from  (he  two  branches. 

6.  —  No. 

7.  —  Radius,  25  chains  (.500  metres);  speed,  28  miles  (45  kilometres). 

8.  —  The  maximum  speed  for  trains  approaching  facing  points  is  28  miles  (45  kilometres);  the 
minimum  radius,  10  chains  (200  metres). 

9.  —  The  case  a  does  not  exist. 

10.  —  No. 

11.  —  Point-rails  formed  of  rails  of  special  profile  are  being  replaced  by  those  formed  of  ordinary  rails. 
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IS.  —  Tha  baifbl  ofthe  rail  of  special 
506  inches  (13  oontinMtnt). 

13.  —  Aa  a  gcu^al.rula,  the  crossings 
we  nialie  \ut  ot  crossiogs  rormed  of  rtila. 

14.  —  See  Not.  1  and  2. 

The  normal  inclination  for  crossings  of  junclions  belwsea  stations  it  1 


■  h  3'5  iiiclie.'<  (9  cetili metres),  Ibal  ortlie  onliiu-ir}  rui) 
iileorcast  sleel;  eiceplioiially,  Tor  eilrnordinary  angles 


16.  - 

n.  - 


-  Ysa,  alwajra  forabluse  crossings.     The  guard  rail  is  superele<a(«d  t  inches  (5  OMttnatn*). 

-  The  acute  and  obtuse  crossings  are  always  straight. 


IB.  —  In  the  eun«t  of  Junctions,  super-aleTation  is  never  given  to  the  aitsrior  rail. 
19.  —  SeeNos.  lands. 
£0.  —  Only  lotberightof  the  crossings. 

SI.  —  Switch  plungertworked  separately  areouly  used  very  exceptionally;  ouraploititMlwwofUag 
awilchet  at  a  distance,  serves  at  the  same  lime  to  plunge  them . 

Locking  bars  are  adopted  in  single  line  stations  wherever  the  switchei  are  woriied  at  a  great  dislanoe 

22.  ■ 

23.  ■ 


ir  juucliuns  ol'  which  the  secondary  line  is  uf  very  littlo  impoftance,  such  us  juuctiuns 


Itoyal  Portuguese  Itailwny  Company. 

I.  —  We  have  four  junclions  passed  over  at  full  speed  by  all  trains;  tlwse  are  the  Bemttca  and 
Chellas  Junctions,  on  the  brancli  Trom  SaiiUi-Apolonia  to  Bemtica,  and  the  Larea  and  Verrida  iuncliona 
oil  the  connecliiig  line,  which  joins  the  Lisbon  to  Figuetr.t  line  to  the  Alfarellos  branch,  Tbare  are 
furtlier  Ino  other  junctions,  namely,  the  Campolide  and  Selle-Biu!>  on  the  metropolitan  liue  which  are 
passed  over  at  a  low  speed  on  account  of  their  special  conditions. 
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2  3.  —  No. 

4.  — The  average  speed  of  trains  approaching  facing  or  trailing  points  is,  on  the  Bemfioa  junction, 

19  miles  (31  kilometres);  on  the  Ghellas  junction,  23  3/4  miles  (38  kilometres);  on  the  Lares  junction, 
22  1/2  miles  (36  kilometres),  and  on  the  Verride  junction,  22  1/2  miles  (36  kilometres).  These  numbers 
may  be  iDcreaaed  by  3  miles  (5  kilometres)  to  represent  the  maximum  speeds. 

5.  —No. 

6.  —  In  all  the  junctions  indicated,  the  main  line  is  straight  and  the  branch  is  on  a  curve  of  20  chains 
(4(X)  metres)  radius. 

7.  8.  —  Answered. 

9.  —  We  have  none. 

10.  —  Generally,  point-rails  at  junctions  are  straight.     We  also  employ  curved  switches. 

11 .  —  Our  point-rails  are  formed  of  bars  of  special  profile,  according  to  the  patterna  most  used. 

12.  —  The  bars  have  the  same  height  as  the  ordinary  rail. 

13.  —  We  use  crossings  of  steel  cast  in  one  piece. 
We  have  no  obtuse  crossings. 

14 .  —  The  minimum  angle  of  the  crossings  is  5®  10*  (tangent  0*09). 

We  alao  have  crossings  having  an  angle  of  A^  30*  (tangent  0'08)  for  curves  of  a  leaser  radius  than 

20  chains  (400  metres). 
15. —No. 

16.  —  la  all  the  junctions  indicated  the  crossings  are  on  a  curve. 

17.  —No. 

18   —  We  do  not  give  any  superelevation  to  the  exterior  rail  of  the  curves  of  junctions. 

19. —No. 

20.  —  We  only  use  a  guard  rail  for  the  crossings. 

21.— No. 

22.  —  Yes.  At  Bemfica,  Clhellas,  Lares  and  Verride  we  use  the  Viguier  system.  At  Gampolide  and 
Sette-Rios  we  are  going  to  apply  the  Saxby  and  Farmer  system. 

23.  —  We  use  an  »  advance  »  disc  for  each  of  the  directions,  interlocked  with  the  switches,  and 
lamps  placed  on  a  rod  connected  with  the  lever  for  the  switches. 

24.  25.  —  No. 

26.  —  Our  rolling  stock  is,  generally,  provided  with  convenient  arrangements  to  facilitate  the  passage 
over  the  curves  of  15  and  17  1/2  chains  (300  and  350  metres)  radius  of  our  lines,  and  passes  easily  over 
the  junctions  (>). 


SWITZEHLAND. 


Gothard    Railway. 

1 .  —  No. 

2.  —  Yes. 
3. —No. 

4.  —  37  miles  (60  kilometres)  an  hour. 

'})  The  locomotives  used  for  our  trains  which  run  over  curves  of  small  radius  at  great  speeds,  are  provided  with 
bogies  or  simply  with  a  radial  axle,  according  to  the  case. 

The  carriages  composing  these  trains  are  also  provided  with  bogies. 

We  have  also  carriages  on  three  axles,  of  which  the  extreme  ones  are  radial  and  the  iDlermediate  one  has  a 
certain  amount  of  play. 


5,  6, 1,  ?.  —  Nil,  llie  replj  lo  qutition  1  being  negative. 
9.  —  Ourafatem  has  Disjunct  ion  cif  Utis  kind. 
10.  —  Nil,  the  rsply  [□question  1  heiag  negatite. 

It.  —  On  our  Kjalem  we  hare  only  one  juncticni,  which  leads  to  a  ballMl  pit  Iwlonging  to  tbe  cam- 
pun;.  The  swilcli  thai  we  use  is  that  ItnowQU  the  •  BlaucI  >  apparatus;  the  point  raila  are  roroMd  of 
biir«  of  special  prolile. 

12.  —  Thebitra  liBren  wider  base,  but  lesibfliglit  than  theurdinar;  rail. 

13.  ^  At  the  crossing-,  the  rails  of  the  main  line  have  n"  gap,  whilst  thuse  of  Ui<>  diverg-ing  linearv 

14.  —  ThaanglBOflheeroMingisTo. 

15.  — The  mune  line  not  beinginlermpted,  it  is  su|<erlluou!f  lo  ;idopl  gnard  rails;  lb e  guard  raiU  of 
the  dlTWging  lint  art  not  BupareleTated. 

16.  —  The  turn-out  ofourjuoction  is  Btraigilit. 

17.  —  No. 

18.  19,  80.  —  Nil,  the  reply  to  (juestion  1  being  neg.ilive. 

ti,  2S.  —  Normally,  that  is  to  lay  wlien  tlie  liDt  is  free  for  llie  trains  of  th<^  maio  line,  llie  -  Blauet  • 
switch  is  electrically  plunged  b;  the  two  adjacent  ^taUoiis;  iiicaie  of  the  ballast  pit  aol  being  used  for  a 
length  of  time  eufficienlly  prolonged,  tlia  switches  uf  the  tura-oul  are  taken  away  and  tlie  electric  current 
is  interrupted.     The  switcliea  are  not  provided  wilh  lacking  bars  or  treadles, 

23.  —  When  the  ewitclies  stand  for  the  secondory  direction,  the  two  signals  protecting  the  jnncliun 
indicate  •  danger  •,  at  all  other  times  •  all  right  -. 

2*,  —  See  reply  lo  question  II.  Up  to  the  present,  that  ia  lo  saj  for  seren  yeans,  the  -  Blaoal  ■ 
apparatus  has  girsn  good  results. 

to.  —  The  junction  is  provided  with  a  anfety  road, 

26.  —  Nil,  the  reply  to  questioo  1  being  negative. 

87.  —No. 
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DISCUSSION  BY  THE  FIRST  SECTION 


Meeting  held  on  July,  8  (morning  sitting). 


Mr.  JEITTELES,  President,  in  the  chair. 

Mr.  Zanotta,  reporter.  (In  French.)  —  The  circumstances  which  may  influence 
railway  Companies  in  requiring  fast  trains  to  slacken  at  junctions  arise  from  : — 

1*^  The  possibility  of  converging  trains  coming  into  collision; 
2*^  The  weakness  naturally  inherent  in  a  junction  both  from  its  profile  and  from 
its  construction. 

As  for  collisions,  we  try  to  prevent  them  by  correct  methods  of  signalling,  inter- 
locking and  block  system  which  have  already  several  times  occupied  the  attention 
of  this  Congress. 

Question  III,  now  under  consideration,  deals  especially  with  difficulties  of  the 
second  kind,  that  is  with  those  that  concern  the  actual  laying  out  of  the  junction 
proper. 

I  find  from  the  replies  sent  in  by  Companies  who  have  been  questioned  that  full 
speed  is  almost  universally  allowed  on  the  straight  roads  of  junctions  where  points 
arc  not  taken  facing;  this  is  also  allowed,  though  not  quite  so  universally  where 
points  are  taken  facing.     Full  speed  is  less  often  allowed  if  the  line  curves. 

So  then  the  main  factors  militating  against  trains  running  fast  at  junctions  would 
seem  to  be  the  difficulties  of  laying  them  out,  that  is,  the  sharpness  of  the  curve  at 
which  lines  come  in  and  the  divergence  at  the  switch,  rather  than  the  weakness 
of  the  road  due  to  the  presence  of  the  actual  points  and  crossings. 

It  would  however  be  difficult,  from  the  regulations  enforced  by  diflerent  Com- 
panies, to  arrive  at  any  very  deflnite  idea  of  the  importance  that  should  be  attached 
to  this  difficulty  in  profile,  for  while  one  Company  allows  full  speed,  even  on 
junction  curves  with  a  radius  of  15  chains  (300  metres)  and  even  less,  another 
Company  does  not  allow  it  when  the  radius  is  22  Vt  chains  (4o0  metres).  Still  it 
cannot  be  said  that  this  difference  between  Companies  is  always  due  to  any  appre- 
ciable difference  in  the  actual  roads  or  their  constituent  parts,  for  we  find  instances 
in  which  companies  with  similarly  built  roads  and  equally  good  arrangements  allow 
quite  different  speeds  in  running  through  junctions. 
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In  his  paper  on  special  points  of  the  road  Mr.  Sabourcl  remarks  thai  *  conside- 
rations of  commercial  and  even  general  expediency  are  of  even  greater  importance 
in  this  question  than  considerations  of  a  technical  nature,  ^  and  I  cannot  help 
agreeing  with  him  so  far  as  the  special  qut3Stion  of  junctions  is  concerned. 

As  to  the  arrangements  adopted  or  to  be  recommended  for  junctions  run  over  at 
speed,  I  have  tried  to  include  in  my  report  those  of  them  which  appeared  to  me  of 
most  importance  from  the  points  of  view  of  profile,  construction  and  laying  do^ii. 

I  will  summarise  them  briefly  and  in  so  doing  keep  to  the  same  order  as  ^^s 
followed  in  wording  the  question  on  which  I  was  called  upon  to  report. 

Best  methods  of  vonstrueting.  —  Amongst  these  I  may  mention  first  the  arrange- 
ments recommended  for  junctions  in  general  by  the  Congress  at  its  first  session 
in  its  conclusions  upon  Ouesllon  Vli-B,  nan»ely  :  to  avoid  junctions  in  cuttings, 
at  sharp  curves  or  on  gradients,  to  endeavour  to  replace  level  crossings  by 
overhead  or  underground  crossings,  to  carry  converging  roads  parallel  to  one 
another  for  some  distance,  etc.  We  may  add  that,  if  converging  lines  arc  equally 
important  so  far  as  s[)eed  of  trains  using  them  is  concerned,  the  best  plan  to  avoid 
slackening  seems  to  be  to  build  them  symmetrically.  If  this  cannot  be  done  we 
ought  to  try  to  build  the  line  going  off  fron»  the  straight  with  a  curve  of  asj^Teai 
radius  as  j^ossible. 

A  road  with  great  vertical  and  lateral  resistance  is  also  one  of  the  most  important 
requisites  where  junctions  arc  to  bo  run  over  at  high  speed.  This  class  of  road 
has,  be  it  said,  already  been  adopted  or  is  in  course  of  being  adopted  by  almost  all 
the  Companies  running  fast  trains. 

Filially  there  is  n<>  ^'ainsaying  that  these  junctions  must  be  very  carefully  laid  and 
niainlained;  special  stn'ss  nuisl  be  laid  ^m  the  need  of  suitably  sjmced  sleept»rs«^J 
strong  scantling,  and  ballast  of  giUMl  (juality  lying  on  firm  and  well  drained  subsoil- 

Points.  —  IV)ints  are  usually  hacked.  Apait  I'mm  this  arrangement  which  is  also 
adopted  tnr  points  taken  faeing,  even  when  run  o\cv  after  slackening,  I  knoNN  (d' no 
arrangements  really  special  to  points  run  over  at  high  speed.  We  can  only  stati' 
that  under  Ihesr'  ein  innslance>  (!«nnpanies  use  point-rails  as  long  as  possible  t»» 
make  the  anijle  thev  tonn  with  the  stock-rail  as  small  as  mav  be.  . 

When  the  ordinary  rails  are  very  still"  they  niakt' very  good  point-rails. 

The  IN'nns\lvania  Hailroad,  tlh'  Knglish  C»)mpanies  in  general,  and  the  Eastern  of 
France  use  n(»thing  but  ordinary  rails  tor  points. 

<hi  the  oth«M'  hand,  <»n  lines  where  s[)ecial  steel  bars  are  made  into  points, 
various  ni«»re  or  le>s  simple  but  sati>l'ai-lory  enough  devices  have  been  invenle<l  f»^r 
joining  the  points  to  the  ruiniing  road. 

C.nissinns.  —  in  thi-  same  way  a^  Companies  try  to  make  point-rails  as  long  as 
l»«»ssible  thi'yalso  endeavour  to  make  the  openings  ofdianuuid  and  obtuse  crossinjj^s 
as  small  a>  p«»sil)Ie  so  a>  to  lessen  therurve  <»t'the  divergence. 

The  oprnin^s  ni'  diamond  crossings  are  as  low  as  '  i-..-,  and  in  the  case  of  the 
Knglish  C<«nipanie>  I'ven  as  ltn\  as  ^  ■:.. 


^ 
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For  obtuse  crossings  the  minimum  angle  is  generally  about  ^/g;  there  are  however 
instances  where  the  opening  is  as  small  as.^/iQ. 

Un  the  Continent  when  the  opening  of  obtuse  crossings  is  very  small,  a  slight 
amount  of  superelevation  is  given  to  the  guard  rail  of  the  crossings.  The  English 
€k)mpanies  do  not  seem  to  regard  this  superelevation  as  necessary. 

Full  speed  is  allowed  over  crossings  made  of  steel  cast  in  one  piece  as  well  as  ovei* 
crossings  made  of  ordinary  rails. 

It  even  seems  that  crossings  of  the  latter  kind  afford  smoother  running  provided 
that  the  rails  of  which  they  are  made  are  sufficiently  stiff  and  long  and  fit  together 
well. 

All  the  Companies  in  the  United  Kingdom,  the  Pennsylvania  Railroad  and  the  two 
French  Companies  which  allow  full  speed  over  their  junctions,  namely  the  Northern 
and  the  Eastern,  use  ordinary  rails  for  their  crossings. 

The  inteiTening  rails  between  a  switch  and  a  crossing.  —  If  one  branch  of  a  junc- 
tion is  straight,  the  other  on  a  gradual  curve,  the  curve  can  be  given  a  radius  of 
about  22  ^U  or  30  chains  (450  or  600  metres)  if  ordinary  and  obtuse  crossings  with 
the  minimum  angles  already  mentioned  are  used. 

These  radii  may,  however,  be  considerably  less  if  the  constituent  parts  of  the 
diamond  and  obtuse  crossings  arc  kept  straight,  even  after  being  laid  down,  as  is 
required  by  most  Companies  and  as  must  necessarily  be  done  if  the  crossings  are 
made  of  steel  cast  in  one  piece.  If  the  symmetrical  arrangement  be  adopted  the  radii 
would  be  nearly  double  those  just  mentioned. 

To  make  up  for  the  entire  or  partial  absence  of  superelevation  of  the  outer  rail  in 
some  measure,  reliance  is  placed,  especially  in  the  case  of  Vignoles  rails,  on  streng- 
thening the  rail  fastenings  by  the  use  of  stays  bearing  upon  the  outer  side  of  the  rail 
and  sometimes  by  the  use  of  a  check  rail  placed  along  the  inner  rail  all  along  the 
curve. 

This,  gentlemen,  is  the  information  I  have  collected  which  has  induced  me  to  draw 
up  the  following  conclusions  : — 

'^  The  Congress  finds  that  a  large  number  of  Administrations  allow  trains  to  pass 
junctions  at  full  speed,  especially  trains  running  on  the  straight  line  or  on  lines 
with  curves  of  large  radius. 

"  A  permanent  way  with  stiffness  to  resist  vertical  and  horizontal  strains,  curves  not 
too  sharp  (an  arrangement  which  can  be  arrived  at  either  by  adopting  a  symmetrical 
design  for  the  two  lines  or  by  employing  very  acute  crossings),  sleei)ers  of  large  section 
suitably  spaced  and  good  ballast  resting  on  a  solid  and  well-drained  formatitm,  may 
be  considere<l,  in  conjunction  with  the  arrangements  suggested  in  the  conclusions 
arrived  at  on  Question  Vli-B  at  the  first  session  of  the  Congress,  to  embody  the  most 
favourable  conditions  for  the  construction  of  junctions  which  are  run  over  by  express 
trains  in  all  directions  at  full  speed.  '' 

Mr.  OordieenkD,  Russian  Ministrv  of  Wavs  of  Communication.  <ln  French.)  —  If 
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we  examine  the  replies  of  railway  Administrations  to  the  detailed  list  of  questions  on 
junctions,  we  see  in  the  first  place  that  in  most  cases  it  is  neither  the  conditions  of 
working  nor  the  profile  of  their  line  which  oblige  them  to  slacken  speed  at  junc- 
tions. The  main  reasons  are  those  connected  with  construction,  that  is  the  neces- 
sity of  using  points,  switches  and  crossings,  and  the  impossibility  of  superelevating 
the  outer  rail  sufficiently  on  junction  curves  of  small  radius.  Out  of  29  railway 
Administrations  only  two,  the  Western  and  the  Midi  of  France,  require  the  driver  to 
slacken  speed  before  reaching  the  junction,  no  matter  from  which  side  he  may  be 
coming,  to  such  an  extent  that  he  can  bring  his  train  quite  to  a  standstill  before 
reaching  the  stop  signal. 

All  other  railways  either  allow  trains  to  go  through  junctions  in  both  directions 
without  slackening,  or  if  this  is  required  it  is  only  for  trains  taking  the  points  facing, 
and  then  speed  has  only  to  be  reduced  for  trains  entering  the  divergent  line. 

Evidently  with  a  view  to  safety  it  would  be  wiser  to  slacken  when  coming  from  the 
branch  on  to  the  main  line,  that  is  when  taking  the  points  trailing.  But  exactly  the 
contrary  is  done. 

It  is  then,  I  repeat,  conditions  of  construction  which  lead  railway  Administrations 
to  require  trains  to  slacken  speed  in  going  over  points  and  crossings. 

If  it  is  at  times  desirable  not  to  have  to  slacken  at  junctions,  we  need  only  see  how 
the  points  and  crossings  ought  to  be  constructed  so  as  to  enable  trains  to  run  at  full 
speed  in  all  directions. 

The  constniction  of  points  and  crossings  was  to  have  been  one  of  the  questions 
for  discussion  at  the  fourth  session  of  the  Congress,  but  as  no  paper  was  wTitten  on 
the  subject  there  was  no  discussion. 

Having  been  asked  to  write  a  report  on  this  subject  for  the  recent  annual  meeting  of 
the  Russian  permanent  way  engineers,  and  it  being  my  duty  to  suggest  a  new  pattern 
of  points  for  the  Nicolas  railway,  1  have  paid  special  allention  to  this  question. 
I  have  become  convinced  that  most  of  the  patterns  of  points  used  on  the  Russian  and 
other  railways  are  often  far  from  i)erfect. 

Considering  the  importance  of  this  subject  I  first  beg  to  be  allowed  to  suggest  that 
you  should  express  a  wish  to  have  put  down  for  discussion  at  the  next  meeting;  of 
the  Con^Tcss  the  question  of  constructing  jmints  and  crossings  in  such  a  way  that 
they  may  be  taken  at  a  high  rate  of  speed. 

To  return  now  to  the  replies  sent  in  by  the  Administrations  :  we  find  that  out 
of  20  only  i  allow  their  junctions  to  be  run  through  without  slackniitty,  namely: 
1^',  The  Stat(i  Railways  of  Denmark  'maximum  speed  aO  miles  lOO  kilometres  ,  mini- 
mum radius  of  junction  curve,  ITi^^^  chains  :31')  metres];  2'"',  Manchester,  Shetlield 
and  Lincolnshire  [maximum  speed  TiO  miles  (80  kilometres;,  minimum  radius 
2o  chains  iOO  metres];  o' ',  London  and  North  Western  curves  (»f  from  30  to 
20  chain  000  to  iOO  metres  radius,  and  i^'',  Ureal  Eastern.  It  must  further  lur 
noticed  thai  the  London  North  Western,  though  it  does  ni^t  limit  speed  by  its  regu- 
lations, leaves  the  matter  to  th(\judgement  of  the  driver,  but  in  the  case  of  curves  of 
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less  than  20  chain  radius  reduction  of  speed  is  obligatory,  that  the  Great  Eastern 
occasionally  under  exceptional  circumstances  limits  speed,  and  in  these  cases  the 
maximum  speed  allowed  on  the  curve  (minimum  radius  10  chains  [200  metres])  is 
only  15  miles  (24  kilometres)  an  hour. 

The  Caledonian  and  Pennsylvania  cannot  be  reckoned  among  this  group  because 
these  two  lines  only  deal  with  symmetrical  junctions  with  curves  of  very  large 
radius  (40-43  chains  8  feet  [800  to  873  metres])  and  of  still  greater  importance  sym- 
metrical points,  wherein  the  angle  the  points  make  with  the  axis  of  the  road  is  only 
half  the  angle  of  the  point  belonging  to  the  branch  road  in  an  ordinary  non-sym* 
metrical  junction. 

Accordingly  there  are  only  four  railways  on  which  the  driver  can  run  over  facing 
point  junctions,  even  on  to  the  divergent  line,  without  slackening.  But  even  though 
he  is  authorised  to  run  at  full  speed  there  is  nothing  to  show  that  he  always  does  so. 

It  would  be  bf  interest  to  have  information  on  this  point.  I  therefore  beg  the 
delegates  from  the  Danish  State  Railways,  the  London  and  North  Western,  the  Great 
Eastern  and  the  Manchester  and  Sheffield,  to  tell  me  whether  they  are  certain  that 
the  drivers  really  do  at  times  run  at  full  speed  over  the  facing  points  of  junctions 
towards  a  divergent  line  on  a  curve. 

Kr.  F.  E.  Robertson,  East  Indian  Ry.  —  I  represent  the  East  Indian  Railway. 
As  no  gentleman  appears  to  answer  for  the  London  and  North  Western  Railway, 
perhaps  I  might  say  a  word.  I  wish  to  remark  that  my  railway  has  always,  as  far 
as  I  know,  used  No.  10  obtuse  crossings  without  inconvenience. 

Mr.  Robinson,  secretary -reporter.  —  What  docs  No.  10  mean? 

Kr.  Robertson.  —  One  in  ten.  The  tendency  seems  to  be  to  limit  the  angle  of 
these  crossings  to  1  in  8,  but  we  have  never  found  any  trouble  with  1  in  10  cross- 
ings and  the  check  rail. 

Kr.  Oordieenko.  —  I  ask  if  the  speed  is  reduced. 

Kr.  Robertson.  —  I  cannot  answer  for  the  London  and  North  Western  Railway. 

Kr.  Oordieenko.  —  Are  crossings  with  an  angle  of  1  in  10  used  very  often? 

Kr.  Robertson.  —  Yes.    On  the  East  Indian  Railways. 

Kr.  Oordieenko.  —  You  have  spoken  about  the  possibility  of  passing  the  switches 
at  full  speed  even  with  facing  points  on  to  the  divergent  road.  What  I  want  to 
know  is,  would  an  engine  pass  in  such  conditions  at  full  speed? 

Kr.  Robertson.  —  I  believe  they  do  in  England. 

Kr.  Oordieenko.  —  To  have  permission  to  do  it  is  one  thing,  but  actually  to  do  it 
is  quite  another. 

Kr.  Robinson.  —  I  think  the  information  Mr.  Gorditenko  is  endeavouring  to 
obtain  is  this;  in  the  answers  sent  by  the  Companies  they  say  they  give  their  engine 
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drivers  carte  blanche  to  run  at  full  speed:  Mr.  Gordi^nko  wants  to  know  whether 
the  engine  drivers  do  it  or  not.  In  your  own  Company  do  you  give  carte  blanche 
and  do  they  run  at  full  speed  or  slacken? 

Mr.  Robertson.  —  My  own  experience  is  that  they  run  at  full  speed  when  they 
have  not  carte  blanche.  The  inclination  is  always  to  drive  faster  than  the  rules 
permit.     1  do  not  think  a  driver  ever  slackens  if  he  has  carte  blanche. 

Mr.  Oordieenko.  (In  French.)  —  As  regards  running  over  the  cuned  linos  of  junc- 
tions towards  the  main  line,  that  is  over  trailing  points,  this  is  permitted  not  only 
on  the  four  railways  mentioned  and  on  the  Pennsylvania  and  the  Caledonian,  but 
also  on  the  Dutch  Railway  Company,  the  Midland,  Great  Indian,  and  on  the  Austro- 
Hungarian  State  Railways,  that  is  on  ten  railway  systems  altogether.  Then  again 
19  railways  allow  full  speed  over  facing  points  if  the  trains  are  running  on  the 
straight  road ;  only  two,  the  Midi  and  Western  of  France,  as  I  have  just  said,  make 
their  trains  slacken  in  going  over  junction  points  even  when  taken  trailing  and  on 
the  straight  road. 

This  seems  to  me  to  demonstrate  clearly  : — 

1"*,  That  most  Railway  Administrations  regard  it  as  dangerous  to  run  over  junc- 
tions at  full  speed  or  simply  over  facing  points  on  to  a  divergent  road; 

2'"*,  That  everywhere  most  railways  think  speed  should  be  limited  in  going  over 
points  on  the  divergent  road  even  when  they  are  taken  trailing; 

3"',  That  on  the  contrary  most  railways  think  it  quite  right  to  run  at  full  speed 
over  facing  points  if  the  train  is  going  on  the  straight  road  and  if  the  points  are 
properly  locked  or  bolted. 

If  wc  now  turn  to  wiiat  nii^'hl  constitute  a  greater  danger  for  trains  running  over 
I)oints  and  crossings  than  when  they  arc  going  on  the  straight  road  or  on  a  cun'e, 
wc  can,  1  think,  come  to  the  foHowing  conclusions  : — 

.4.  If  the  points  are  carefully  constnicte<l,  careliilly  worked  and  bolted  or 
locked  and  it*  they  arc  towards  the  straight  road,  there  is  no  danger  in  running  over 
them  at  full  speed.  The  only  risk  is  in  running  over  facing  points,  especially  if  the 
angle  is  very  acute,  and  the  only  way  to  avoi<l  the  risk  is  to  have  a  check  rail  tinnly 
lixcd  in  such  position  as  to  allow  of  the  flange  i)assing  through  the  crossings  and 
to  prevent  its  striking  against  the  nose. 

I  may  say  that  this  is  not  always  the  case  and  that  sometimes  the  slight  ditlerences 
in  the  distances  between  tires  are  not  allowed  for; 

ii.  In  going  over  |»oints  on  the  straight  road  when  they  are  taken  trailing 
shocks  are  sometimes  fell.  When  the  point  rail  is  short  and  consequently  the  angle 
of  the  crossing  large  and  the  spread  of  the  road  at  the  beginning  of  the  points  noti- 
ceable we  run  the  risk  of  the  wheel  which  strike's  the  facing  point  of  the  diverging 
road  dropping  inside  the  rail.  Such  accidents  have  occurred  on  the  Russian 
railwavs. 
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So  it  may  happen,  owing  to  certain  peculiarities  in  construction,  that  running 
over  points  in  the  trailing  direction  on  the  straight  road  is  more  dangerous  than 
when  taken  facing. 

In  both  these  cases  therefore,  assuming  that  the  points  are  well  made  and  well 
fixed,  they  may  always  be  run  ttirough  at  the  speed  authorised  on  the  ordinary 
running  road ; 

C  All  other  conditions  are  those  of  running  over  points  on  the  divergent 
road.  When  the  trains  take  points  facing,  the  shock  of  the  flange  is  felt  by  the  nose 
of  the  points  and  by  the  heel  when  the  points  are  taken  trailing.  There  is  the  same 
deviation  and  the  same  shock  in  the  two  cases.  Rut  the  train  taking  the  points 
facing  is  more  likely  to  be  thrown  otf  the  rails,  because  where  the  shock  arises  the 
point-rail  is  about  an  inch  (2  or  3  centimetres)  lower  than  the  stock-rail  and  the 
result  is  the  flange  can  easily  mount  over  the  point. 

The  violence  of  the  shock  increases  in  proportion  as  the  square  of  the  speed  and 
the  square  of  the  sine  of  the  angle  of  the  point.  I  am  a  little  surprised  to  find  that 
very  few  railways  have  curved  points.  This  used  to  be  the  case  in  Kussia,  but  now 
several  lines  are  beginning  to  use  curved  points  and  find  them  better  than  straight 
ones. 

The  shape  of  the  cross  se<*tion  of  the  points  may  also  sometimes  tend  to  derail- 
ment. On  the  South  Western  of  Russia  it  has  been  noticed  that  this  is  the  case 
if  the  inner  surface  is  not  vertical. 

Be  this  as  it  may,  it  is  not  so  much  upon  the  radius  of  the  points*  curve  or  of  the 
junction  curve  that  the  speed  to  be  authorised  depends,  but  on  the  angle  at  which 
the  shock  comes,  which,  in  the  case  of  straight  points,  is  the  angle  of  the  point- 
rail. 

I  suggest  for  your  consideration,  gentlemen,  the  following  conclusions  : — 

"  i*\  Trains  can  be  run  in  both  directions  on  the  straight  line  over  points  at  the 
same  speed  as  on  tlie  straight  line  without  points,  if  points  are  of  good  construction 
and  locked  in  the  direction  of  the  main  line. 

**  2"^,  For  trains  passing  in  the  direction  of  the  branch  line  over  points  either 
facing  or  trailing,  it  is  desirable  to  slacken  spe43d,  whether  the  points  are  locked 
or  not.  " 

Kr.  Briere,  l^iris  and  Orleans  Ry.  dn  French.)  —  tfentlemen,  I  think  Mr.  Zanotta's 
report  has  been  particularly  ably  written,  that  it  is  as  it  should  be  and  is  confined 
within  the  bounds  of  what  should  be  slated  in  a  Congress,  and  I  hope  you  will 
accept  the  reporter's  conclusions  just  as  they  are.  Mr.  (jordieenko  asks  to  have  the 
question  of  the  construction  of  points  put  on  the  agenda  for  next  Ojngress.  I  am 
of  opinion  —  and  several  of  my  frien<ls  are  of  the  same  opinion  —  that  this  is  too 
special  a  question  to  fall  within  the  scope  of  the  Congress. 

If  we  were  to  accede  to  Mr.  Cordieenko's  request  some  one  would  be  justified  in 
asking  the  Congress  to  take  u|)  quite  s[)ecial  subjects,  such  as  the  manufacture  of 
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bolts  for  instance.     I  think  the  Congress  ought  not  to  go  in  this  direction,  but  deal 
only  with  general  questions. 

Kr.  Oordieenko.  (In  French.)  —  The  question  of  the  construction  of  points  was 
on  the  agenda  for  the  St.  Petersburg  session  and  so  it  was  not  thought  too  special 
a  subject. 

The  President.  —  I  think  the  section  wishes  to  vote  upon  Mr.  Zanotta's  conclusions 
at  once.  {Hear!  Hear!  on  all  sides,) 

Kr.  Oordieenko.  (In  French.)  —  The  first  paragraph  of  Mr.  Zanotta*s  conclusions 
simply  states  facts;  I  think  nothing  would  be  lost  in  adding  thereto  an  expression  of 
opinion  and  this  is  what  my  conclusions  do. 

The  President.  —  Mr.  (lOrdieenko  states  an  opinion  and  he  would  like  the  Congress 
to  recognise  its  truth. 

Kr.  Oordieenko.  (In  French. ;  —  I  simply  ask  you  not  to  confme  yourselves  to  stating 
facts. 

Kr.  Briere.  In  French."  —  It  is  just  exactly  our  business  to  stale  facts.  We 
must  show  great  caution  and  not  advance  theories  which  may  be  found  faulty  in 
practice.  Moreover  our  Constitution  shows  that  the  line  we  ought  to  take  is  the 
one  I  have  just  drawn.  As  we  cannot  vote  we  ought  to  confine  ourselves  to  state- 
ments of  fact. 

Kr.  Bebray,  Principal  Secretary.  Jn  French.)  —  It  is  a  mistake  to  say  we  cannot 
vote.  The  Sections  give  their  opinions  on  the  reporters*  conclusions  and  the  result 
is  subiuitted  to  the  general  meeting. 

The  President.  —  It  is  profitless  to  continue  this  discussion;  the  general  meeting 
will  either  accept  or  not  accept  our  suggestions. 

I  declare  the  discussion  cIosimI  and  I  now  put  the  first  paragraph  of  Mr.  Zanotta's 
conclusions. 

—  This  paragraph  was  adopted. 

The  President.  —  This  means  that  the  first  paragraph  of  Mr.  (iordieenko's  conclu- 
sions is  njected. 

I  now  put  Mr.  Zanotta*s  second  paragraph. 

—  The  second  paragraph  was  adopted. 

The  President.  —  Hoes  .Mr.  (iordieenko  wish  his  second  conclusion  to  be  put  to 
the  vote? 

Mr.  Gordieenko.   In  French    — My  conclusion  concerning  running  over  points 

towards  the  diverging  road  is  as  follows  : — 

—  For  trains  passing  in  the  direction  oi'  the  branch  line  over  points  either  facing 
or  trailing,  it  is  desirable  to  slacken  speed  whether  the  points  are  locked  or  not.  ^ 
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Kr.  Zanotta,  Reporter.  (In  French.)  —  This  is  just  the  opposite  of  what  I  suggested. 

Mr.  Oordieenko.  (In  French.)  —  I  do  not  press  the  point. 

The  President.  —  Gentlemen,  I  am  pleased  at  the  outcome  of  our  discussion. 
I  think  I  am  expressing  your  feelings  by  congratulating  the  reporter  on  his  very 
valuable  paper.  [Heart  Hear  I) 

—  The  meeting  adjourned  at  12  o'clock. 


Meeting  held  on  July  4,  1895,  at  10  a.  m. 


Mr.  RICHAUD  JEITTELES  in  the  chaik 

The  President.  —  At  yesterday's  meeting,  Mr.  (jordieenko  asked  us  to  propose 
that  the  question  of  the  constmction  ofpoinU  should  be  included  in  the  programme 
for  discussion  at  the  6^  session  of  the  Congress. 

Mr.  Bri^re  has  given  us  his  opinion  upon  the  subject.  If  no  one  else  wishes  to 
speak  I  shall  put  the  matter  to  the  vote. 

Kr.  Oordieenko,  Russian  Ministry  of  Ways  of  Communication.  (In  French.)  — 
Mr.  Bri^re  has  said  that  the  question  is  too  special  a  one.  But  as  I  have  said  this 
question  was  on  the  programme  before  (at  St.  Petersburgj,  and  the  only  reason  why 
it  was  not  discussed  was  because  the  report  upon  it  was  not  ready  in  time.  In  view 
of  the  importance  of  the  question  I  must  press  my  motion  that  the  subject  may  be 
brought  before  the  Congress  at  its  next  session. 

—  Mr.  Gorditenko's  proposal  was  put  to  the  vote  and  adopted. 

The  President.  —  The  resolution  will  be  reported  to  the  general  meeting. 


DISCUSSION  AT  THE  iii^iyj^x...^ 


July  5,  1896  (afternoon). 


Lord  STALBftlDGE,  President,  in  the  chair. 

The  Preiident.  —  I  call  upon  Mr.  Richard  Jeitteles,  President  of  the  1*^  Sectio 
to  read  the  French  text  of  the  Report.    Mr.  Leslie  Robinson,  Secretary 
will  subsequently  read  the  English  version. 

Kr.  Jeitteles.  —  Kr.  Ladia  BoUnMiL  — 


^Hi 


Report  of  the  1'^  Section. 


**  Cettc  question  a  fait  Tobjet  dun  trds 
rcmarquable  rapport  dont  Ics  conclusions  ont 
6t6  adoptees  par  la  section  a  unc  grande 
majority. 

*  *  Dans  rcxi>os^  qu'il  a  present^  k  la  section, 
Mr.  Zanotta  a  rappeld  I'observation  faite  par 
Mr.  Sabouret,  rapporteur  de  la  question  n®  II, 
que  les  considerations  d'ordrc  commercial  et 
mOme  d'ordrc  moral  se  trouvent  avoir  dans  la 
question  une  bien  autre  importance  que  les 
considerations  d'ordre  technique. 

*'  II  en  est  pour  la  Question  III  comme  pour 
la  Question  II. 

**  Commo  oniidiiioiis  K^s  plus  favorables  de 
otwisi ruction.  Mr.  Zaiu>tta  oite  les  dispositifs 
Ci>nseill«''s  lors  de  la  pivmiciv  session  du  Con- 
frres  dans  les  conclusions  de  la  question  VII, 
littOr.i  H,  c'est-ailiiv  eviter  d'etablir  les 
bifurcations  on  tranclKV  forte  courbt'iui  pente, 
chen-hor  a  n^inplacor  la  tnivoi'see  ;\  niveau 
par  le  passatre  au-dessus  et  au-desst>us,  tracer 


*'  This  question  was  the  subject  of  a 
interesting  report,  the  conclusions  of  ir 
were  adopted  bj  a  large  majoritj  in 
Section. 

'  *  Mr.  Zanotta  called  attention  to  the 
vat  ions  made  bj  Mr.  Sabouret » the  reporter 
of  Question  11 :  «  That  considerations  of  com- 
mercial and  general  expediency  are  of  greater 
importance  in  this  question  than  oonsidert- 
tions  of  a  technical  nature.  • 

**  Question  III  is  similar  in  this  respect  to 
Question  II. 

'*  Mr.  Zanotta  stated  that  the  most  favour- 
able conditions  of  construction,  according  to 
the  conclusions  arrived  at  on  Question  VII-B, 
at  the  first  session  of  the  Congress,  were : 
*•  To  avoid  junctions  in  cuttings,  at  sharp 
cun'es  and  on  gradients,  and  to  endeavour  U^ 
substitute  other  means  of  communic*ation 
either  below  or  above  the  line,  to  lav  out  tlic 


Ill 
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les  voics  convergentes  parall^cment  Tunc  k 
Tautre  sur  une  certainc  longueur,  etc. '  * 

*'  Mr.  Zanotta  recommande,  pour  Ic  cas  oil 
les  deux  ligiies  convergentes  sont  parcourues 
par  des  trains  rapides  ayant  la  m6me  vitesse 
et  egalemcnt  impoilantes,  la  disposition  sym6- 
triquc,  et  si  cettc  combinaison  n'est  pas 
possible,  de  donner  ^  la  voie  d6vi6e  le  plus 
grand  rayon  de  courbure  i>ossiblc  par  I'adop- 
tion  de  croiscments  assez  aigus  et  d'une  entrc- 
Toie  assez  large. 

'*  II  faut  naturellement  que  les  voies  des 
bifurcations  soient  fortoment  constitut^os;  la 
pose  de  ces  voies  cxige  des  soins  particuliers, 
et  Ton  pent  y  recommander  Temploi  des  sup- 
ports de  fort  equarrissage,  <'.onvenablement 
espac6s,  d'un  ballast  de  bonne  qualite  repo- 
sant  sur  une  plate-foi*me  solide  et  bicn 
a8s6cb^. 

*•  En  ce  qui  concerne  les  aiguilles,  Mr.  Za- 
notta constate  qu'cllcs  sont  g6n6ralemont  ver- 
rouill^es,  qu'il  y  a  une  tendance  a  employer 
des  aiguilles  aussi  longuos  que  possible;  res 
aigruilles  peuvent  Ctre  souvent  constituees 
avec  des  rails  de  la  voie  ordinaire. 

**  Pour  les  crois^3ments  de  changomont  et 
de  travers6e,  on  leur  donne  la  plus  faible 
ouverture  possible  en  descendant  jusqu'a  Vi»-5 
ou  Vi6  pour  les  croisements  de  changemont  (;t 
jusqu'a  Vj  pour  les  croisements  de  travoi-sees, 
et  quelquefois  m6me  Vio* 

*•  Les  Administrations  anglais^js  ne  parais- 
sent  pas  reconnaltrc  la  n6cessit(!:  de  la  sun';16- 
vation  donnee  g«>neralomcnt  sur  le  continent 
au  contrc-rail  de  la  traverwl'c. 

•*  Les  croisements  roust itu^'js  avec.  des  rails 
ordinaires  de  la  voie  seniiont  p^.>ut-£tn;  plus 
favorables  au  p^)iiit  de  vue  de  la  dour/;ur  de 
la  marche  que  l«'.s  r-rols^.-inents  d'une  seule 
pidcc. 

•*  Mr.  Zanotta  constate  que  la  disp^>sition 
symetrique  i»r6«ente  d».*s  conditions  plus  favr>- 
rables  pour  le  trace  des  nfcjjrds;  on  arrive 
ainsi  k  des  rayons  presque  doubles  de  c/;iix 
obtenus  quand  Tune  des  branches  est  main- 
tenue  en  ligne  droite. 


converging  lines  parallel  to  one  another  for  a 
certain  length,  etc.  " 

**  Mr.  Zanotta  recommended  for  the  cjumj  of 
converging  liiu^  nm  over  by  cxpivss  trains 
with  equal  speed  and  of  e<iual  importance 
that  both  lines  shall  converg<^  eciuully  and  if 
this  cannot  be  effe(*tt>d,  that  the  converging 
line  shall  have  as  flat  a  cun'e  as  iM)ssible,  and 
the  angle  of  int<a'secti<)n  at  crossin^rs  l)«^  very 
acute  with  plenty  of  width  U^twwn  the  up 
and  down  lines. 

**  The  junctions  must  be  strongly  made; 
the  laying  out  must  receive  special  attention; 
substantial  supports,  suitably  spaced  out, 
must  be  usiul,  and  also  ballast  of  good  quality, 
resting  on  a  solid  and  well  drained  foi*matir>n. 


'*  As  regards  the  points,  Mr.  Zanotta  said 
they  are  generally  bolted,  and  tliat  thrjiYj  is  a 
tendency  to  use  switchr^s,  as  long  as  possible, 
which  can  often  be  made  with  ordinary  rails. 


**  For  single  and  diamond  crossings  the 
smallest  possible)  oi>ening  should  be  given 
down  trj  Vn-5  "**  */ie  for  the  fonner  and  */»  or 
even  */io  for  tJie  latter. 


**  Knglish  C«)mpani<.'s,  as  a  nihs  do  not 
i^cogiiiw;  the  necessity  of  ^'iving  any  sujKsr- 
elevation  to  the  guard  rail  in  <!rossings,  tui  is 
done  on  the  Onitinent. 

**  The  crossings  made  with  ordinary  rails 
tend  pf.'rhai>s  to  sm^vither  running  than  thtmn 
made  in  one  pi^i^e. 


**  Mr.  Zanotta  maintain'-d  that  the  symmet- 
rirail  c/inverg*;nc<;  of  the  two  lines  is  prefer- 
able for  junctions,  as  the  radii  of  fhe  rnrvf^ 
art:  then  nearly  double  wliat  they  would  be  if 
one  branch  mu  straight. 


*»!■        ti    I      Ifc* 


"  iWiliiiltTTi(iwab,WffHMlihj.MqJfcB 
"  4aM k «f>M«iMi  4ek -mm *wtt. |ii  im 
"  «K  fnwJMM  far  l»  tnow  4m  Im  4mk 

'*  ^ifiXvx.  •!•:  It  T'rtt  firti.'*:,  .i  *»!  'jn\'iat% 

■•  Wf-'-pm^  far  U  (maS^ '-I  y^r  It^uImi.   ' 

4n  inmunif-t  k  I*  'yionniiMi'ib  :iiti!:ni«iii-jnale 
4a   r-rprfrfwJf:    px-ir  la   Mii^nte  vm^a  d« 

'>f(l|rf^   la   'X'ltMitiU  Ah    1*  ryiutiivtvio    4k« 

ai^illna  'jut  *  flfptM  a  Tordn  da  j'lur  <fe  U 
(|iwtri<'4iM  wnMi'rti,  nikix '|i)i  ii'a  pa  £ir>:  tnicte 
&  Maifii'I''';tjrrtli'iurK- 

"  (i.-tU;  pr»|v«iii'>ri  a  ''rr/;  TumliaTtue  par 
Mr.  MtV^-.  \'^%^>rV»M.,  par  U  lyMnidira- 
tiim  (|uf>  I>:  C<fii|(r«a  drfit  mi  V^ir  dam 
r6tud(:  dn  nwMioin  tC:t>/:n,\i».  i,n  im  uairait 
t'nnttmpsr  iladx  I(m  dttailii.  I  a  mcti»ii  '«t  d'atii 
<l»j  K<iiiifii;Ur>-  la  [•TvjpiMiiiiiii  ill;  Mr,  'iiirditeDko 


••  or  tisib^.  it  if  alwws  airmMt  M  ikek^ 
"  fpeed  vfefkr  Ae  |ii»i  are  kKb4  w 


"  This  pnipiMl  *w  objecMd  la  tn- 
Mr.  Bri^re  (Orieu*  Railvaj]  •*  he  «>imderad 
that  the  Omgtvm  dtovU  eaafae  itMlf  to 
gieneral  queatiooa.  and  doI  enter  into  detmils. 
Tbe  Section  decided  to  aaliMit  Mr.  Gar- 
ditenko's  proponl  to  the  geneni  meeting. 


Ill 

9K 


**  La  section  prSsente  k  Tapprobation  du 
Congr^  les  conclusions  suivantos  : 


*'  The  Section  presents  for  the  approval  of 
the  Congress  the  following  conclusions  :  — 


CONCLUSIONS 
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"  Le  Gongrte  constate  qu'un  grand  nombre 
d' Administrations  admettent  le  passage  en 
Vitesse  sur  les  bifurcations,  surtout  pour 
les  trains  paroourant  les  branches  en  lignes 
droitcs  ou  en  courbes  de  grand  rayon. 
**  Une  vole  trds  r^sistante  aux  efforts  verti- 
caux  et  horizontaux,  un  trac6  qui  ne  com- 
porte  pas  de  courbes  ajant  des  rayons  trop 
faibles  (trac^  auquel  on  pent  arriver  en 
adoptant  une  disposition  sym^trique  pour 
les  deux  branches  de  la  bifurcation  ou  en 
cmployant  des  croisements  de  changement 
ct  de  travers6e  tr^  aigus],  Temploi  de  sup- 
ports de  fort  ^uarrissage  convenablement 
espac^  ct  d'un  ballast  de  bonne  qualite 
reposant  sur  une  plate-forme  solidc  et  bicn 
ass6chec,  pcuvent  Ctrc  consid6r6s  con- 
currcmment  aux  dispositifs  cx)nseill6s  dans 
les  cx)nclusions  relatives  k  la  question  VII, 
litt6ra  B,  de  la  premiorc  session  du  Congres 
parmi  les  conditions  les  plus  favorables  a 
r^tablissement  des  bifurcations  jiarcourucs 
en  tous  sens  si  toute  vitesse. 
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'*  The  Congress  finds  that  a  large  number 
of  Administrations  allow  trains  to  pass  over 
junctions  at  full  speed,  especially  trains 
running  on  the  straight  line,  or  on  lines 
with  curves  of  large  radius. 
'*  A  permanent  way  with  stiffness  to  resist 
the  horizontal  and  vertical  strains,  curves 
not  too  sharp  (an  arrangement  which  can  be 
arrived  at  either  by  adopting  a  symmetri- 
cal design  for  the  two  lines  or  by  employing 
very  acute  crossings),  sleepers  of  large  sec- 
tion suitably  spaced,  and  good  ballast, 
resting  on  a  solid  and  well-  drained  forma- 
tion, may  be  considered,  in  conjunction 
with  the  arrangements  suggested  in  the 
conclusions  arrived  at  on  Question  VII-B, 
at  the  first  session  of  the  Congress,  to  em- 
body the  most  favourable  conditions  for  the 
construction  of  junctions  which  are  run  over 
by  express  trains  in  all  directions  at  full 
speed.  " 


The  President.  (In  French.)  —  Gentlemen,  1  have  to  submit  to  you  the  foll(nving 
proposition  by  Mr.  (iordieenko.    This  proposition  has  not  been  printed. 

""  It  is  advisable  to  ask  the  International  Commission  of  the  Congress  to  put  the 
question  of  the  construction  of  points  on  the  agenda  of  the  6^^  session.  This 
question  was  on  the  agenda  of  the  -i^*»  session  but  was  not  dealt  with.  "' 

There  is  no  need,  I  think,  to  vote  upon  Mr.  Gorditenko's  proposition.  All  we 
can  do  is  to  refer  it  to  the  International  Commission  of  the  Congress  within  whose 
pn)vinre  it  comes. 

—  Agreed. 

—  The  conclusions  arrived  at  by  the  Section  on  (Question  111  were  adopted  by  the 
general  meeting  without  comment. 

Corrigendum  in  Mr.  Zanotta's  Report. 


Page  III57,  on  lin<;  17,  aftn- :  *'  For  tho  uv.i'iu  lino    ',  iftstrt  :  **  25  inilos  MO  kil"rii«;rr«:>^  '\ 


{-  SECTION.   —   WAV   AND   WOKKS 


QUESTION    IV 


CONSTRUCTION  AND  TESTS  OF  METALLIC  BRIDGES 


A.  What  are  the  quantities  of  metal  used  and  required  to  be  used  in  raihmij 

hridges,  according  to  the  regulations  in  force  in  different  countries? 

B.  Wlial  are  the  nature  and  value  of  the  methods  adopted  by  the  differeul 

railway  administrations  for  the  original  and  the  suhscquent  perio- 
dical testing  of  metal  bridges? 

C.  What  is  the  real  value  of  these  tests,  and  can  theij  he  regarded  as 

practical  means  of  settling  the  actual  state  of  repair  and  the  margin 
of  safety  of  the  above-mentioned  structures? 


Heparter  .■  Mr.  Mas  EnTtn  von  Lkbeh,  I'r 
menl,  llinisiry  olCommen-c,  Vieimu. 
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I^/EI^OI^T 


By   M.    Max   Edler    von    LEBER 

CHIRF-INSPECTOK  FOR  THE  IMPERIAL  ROYiiL  GENERAL  SURVEY  OK  AU8TRUN  RAILWAYS 

AT  THE  I.  R.  MINISTRY  OF  TRADE 


In  order  to  leave  no  doubt  as  to  the  manner  in  which  he  would  treat  question  IV, 
the  reporter  had  expressed  his  personal  opinion  as  to  the  relative  importance  of 
questions  A  and  B  at  the  time  when  the  International  Commission  of  the  Congress 
did  him  the  honour  to  entrust  him  with  the  drawing  up  op  this  report.  This 
opinion  was  merely  an  argument  in  favour  of  the  suppression  of  question  B,  which 
is  really  not  one  that  concerns  constructors;  it  is  moreover  an  opinion  that  has  been 
since  fully  confirmed  by  the  study  of  the  subject  for  all  countries. 

The  primary  tests  are  absolutely  necessary;  they  constitute  a  guarantee  of  safety 
that  we  owe  to  the  public,  and  the  mere  fact  that  certain  bridges  did  give  way  under 
these  tests  (i)  is  sufficient  to  show  that  they  are  indispensable.    In  the  same  way,  the 

(*)  These  were  road  bridges  in  various  countries,  for  which  local  authorities  without  experience 
contracted  by  tender  and  which  incapable  or  unscrupulous  contractors  constructed  at  an  absurdly 
low  cost.     We  do  not  think  it  necessary  to  quote  examples. 


periodical  tests  to  be  made  every  five  r»r  six  years,  when  the  bridges  are  painted,  Jire 
necessary  for  engineers.  The  small  deflections  observed  show  the  stability  and 
stale  of  preservation  of  t)io  framework  as  well  as  the  resistance  or  the  entire  structure 
when  subjected  to  dynamic  forces,  etc.  But  we  do  not  think  that  any  engineer 
living,  who  is  a  specialist  in  iron  bridges,  would  pretend  to  deduce  from  the  results 
obtained  by  such  tests  «the  efTective  conditions  for  obtaining  stability  and  the  degree 
of  safety  n  in  each  of  the  many  various  parts  of  the  structure.  These  conditions  are 
arrived  at  by  tests  made  of  the  materials  used  in  construction,  calculations  of 
resistance,  arrangement  of  pieces,  etc. 

We  will  therefore  merely  glance  at  these  ditflculties  in  order  to  arrive  at  the  main 
point  which  is  clause  A  of  question  IV.  This  question,  as  it  is  expressed,  contains 
all  that  is  really  of  interest  with  regard  to  iron  bridges  (i)  and,  in  order  to  treat  it 
in  all  its  aspects,  we  have  divided  our  report  under  six  heads  as  follows  : 

I.  —  Iron  bridges  up  to  1810; 
11.  —  Live  loads  to  be  considered  due  lo  nitling  slork; 

III.  —  liegtilalions  concerning  the  live  loads  to  be  taken  for  iron  in  lalntlatinns  for  iron 

bridges ; 

IV.  —  Manufaclure  of  iron  and  sleet  to  be  used  in  bridtjes; 

V.  —  Limits  of  internal  strains  in  the  material  of  the  bridges; 
VI   —  Quantities  of  material  lo  be  useil  for  bridges,  under  various  comlilinns  of  span 
and  height. 
We  will  afierwards  sum  up,  presenting  our  conclusions  to  the  Congress, 
We  have  received  about  60  valuable  reports  from  all  parts  of  the  world,  many  of 
which  contain  very  fully  detailed  information,  which  we  shall  be  able  to  use  even 
atler  the  session.     Fresh  reports  keep  arriving.     Lastly,  our  former  eminent  Vice- 
President  at  the  Congress  of  Brussels  in  188S,  His  Excellency  M.  Thielen,  Minister 
of  Public  Works,  at  Berlin,  has  just  decided,  upon  our  initiative  that  the  Admin- 
istrations of  the  grand  system  of  the  Prussian  .State  are  authorised  to  furnish  us  with 
the  information  relating  to  question  IV;  we  hope  even  yet  to  obtain  communications 
from  Bavaria  and  Saxony,  which  we  shall  make  use  of  at  the  last  moment. 

While  thanking  our  eminent  colleagues  for  the  courteous  attention  paid  lo  our 
interrogatory,  we  must  at  the  same  lime  excuse  ourselves  for  not  having,  owing  lo 
want  of  time,  turned  it  to  the  best  account  for  the  London 


(')  Induding  the  qiiL'slious  of  staUliU  and  sufetT 
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1.  —  Iron  bridges  up  to  1870. 

When  we  wish  to  follow  the  historj'  of  iron  structures  in  the  Old  World,  we  must 
turn  to  England  and  to  English  engineers.  In  the  traditional  home  of  metallurg- 
ical industries,  we  can  note  the  principal  stages  in  the  manufacture  of  iron  and  steel 
in  large  masses  and  their  employment  for  the  girders  of  bridges,  of  which  the 
increasing  span  and  the  ever-improving  mode  of  construction  have  commanded  the 
admiration  of  all  Europe. 

The  lar^e  plate  girders  of  the  Conway  and  Britannia  Bridges  constructed  about 
the  middle  of  the  century  were  no  doubt,  to  our  fathers,  a  marvel  of  technical  skill  (i), 
just  as  the  Forth  Bridge,  that  giant  of  modern  bridges,  with  its  spans  of  1,710  feet 
(5S1  metres),  has  just  shown  the  present  generation  what  the  genius  of  English 
engineers  is  capable  of  producing.  In  fact  the  employment  of  iron  structures  for 
railway  bridges  has  advanced  with  the  improvement  of  metallurgical  processes  and 
with  the  development  of  railways.  It  would  be  useless  to  give  a  detailed  history  of 
these  industries  here.  We  will  merely  draw  attention  to  the  fact  that  in  1845  when  it 
was  proposed  seriously  to  span  long  distances  by  means  of  iron  structures,  plate- 
girders  for  smaller  spans  were  already  in  general  use.  Their  dimensions  were 
determined  either  by  direct  tests  or  by  considerations  of  similitude  connected  with 
these  experiments,  when  larger  spans  were  being  considered.  It  was  by  methods 
of  this  kind  that  the  plans  of  the  first  large  tubular  structures  of  the  Conway  and 
Britannia  Bridges  were  arrived  at;  at  this  time  the  calculations  for  determining 

(*)  In  England  :  1847  to  1848,  the  Conway  Bridge,  with  a  span  of  400  feet  (122  metres); 
1847  to  1850,  the  Britannia  Bridge  with  a  span  of  460  feet  (140  metres). 

In  Germany  :  1850  to  1856,  a  bridge  over  the  Vistula,  near  Dirschau,  with  a  span  of  39Tfe6t 
(121  metres). 

In  France :  1852,  a  bridge  over  the  Seine,  near  Asni^res,  with  a  span  of  95  feet  5  inches 
(30  metres);  1855,  a  bridge  over  the  Garonne,  near  Langon,  with  a  span  of  242  feot  9  inches 
1 74  metres). 

Almost  as  soon  as  plate-girders  for  large  spans  were  adopted,  they  were  replaced  by  lattice* 
girders  and  truss-girders,  which  were  much  more  economical. 

In  Englaml :  1849,  the  Windsor  bridge,  with  a  span  of  190  feet  (58  metres) ;  1850  to  1852,  the 
Chepstow  bridge,  with  a  span  of  295  feet  (90  metres)  (of  open  lattice- work) ;  1854  to  1858, 
Saltash  bridge,  with  a  span  of  456  feet  (139  metres)  (curved  booms). 


ihcoreticaily  what  section  should  be  adopted  for  the  various  parts  were  unknowni '). 
But  from  1883  new  theories  respecting  the  resistance  of  materials  such  as  are  now 
admitted  commenced  to  develop  themselves. 

The  comparison  of  the  «  Britannia  »  plate-girders  wilh  the  «  Saltash  »  truss- 
girders  showed  in  the  case  of  the  latter  a  considerable  saving  of  material  and  gr«atly 
helped  to  encourage  conalruclors  in  the  pursuit  of  those  researches  that  Stephenson, 
Brunei  and  other  great  engineers  bad  so  brilliantly  inaugurated  in  England. 

To  the  French  engineers  Navier,  Bresse  (*)  and  Clapeyron  (^)  must  be  given  tlic 
credit  of  having  really  established  the  fundamental  bases  of  our  theories  as  lo  the 
resistance  of  materials,  in  ihe  form  that  they  have  since  been  applied  universally. 
Important  improvements  have  been  made  in  them  by  eminent  mathematicians  from 
all  parts  of  the  word,  and  if  it  can  be  aHirmed  that  since  about  I8G0,  iron  bridges 
have  been  constructed  on  the  basis  of  exact  theoretical  calculations,  it  is  no  less 
true  that  at  the  present  day  the  members  of  the  Congress  taking  part  in  the  session 
of  1893,  and  having  occasion  lo  contemplate  the  immense  trusses  of  the  Forth 
Bridge  can  admire  not  only  the  enormous  span  of  1,710  feet  (o21  metres),  but  yet 
more  the  sagacity  of  the  engineers  in  knowing  how  to  turn  to  account  all  the  refine- 
menis  of  the  modern  theorelical  calculations  and  processes  of  construction,  so  as  In 
reduce  the  cost  to  a  minimum,  and  at  Iho  same  time  give  to  the  structure  a  sufficient 
resistance  to  withstand  all  possible  contingencies. 


(')  See  Uie  publications  o(  the  time  on  this  subject : 

1"  EiTON  llODCm^iSOti.F.R.S.,  Ea-jicrimental Tesfarchi-s  on  l/ie strcni/th  aittl  oilier pf-peitkt 
of  east  iron.  London.  J.  Weale.  High  Holbora,  1846; 

2°  G.-H.  Love,  M^noire  mr  la  resistance  du  fer  et  de  la  fonh:  Paris.  18J2;  a,  criticiBm  on 
the  English  eiporimeuta; 

3"  Stokbs,  Tranaaeiion*  of  Ihe  Cambridffe  philosophieal  Society,  1849.  o(  which  wb  find  an 
■naljUE  in  the  Amtales  des  pntils  ft  r/iatiss4ci,  1851  ; 

4°  Piiii.Ul"s,Annu?cji(/e»mrWs,  vol.  VII,  1855,  and  fomples  rf'diis  de  V Academic  d^ tc 
decemliei'.  3rcl,  1U60.  on  the  relations  of  similitude  to  be  obsctred  in  making  cijierimaiits  o 
small  Gcalc ; 

5"  Fairbaibn.  C'vil  ei'ffin.  ami  iin-liit.  J.m-.ml.  18011.     KipTinionts  on  tbu  ivpotitior 
strains. 


[•)  L.  Brkkbk,  Coii7-a  de  jnA-aniqiic  ajipUqiiee,  pmfpsn'  fi  I'Evolc  desjfvils  el  cAuifjK'fs.  Paris, 
185fl. 

pi  Rrpnrt  for  1857,  prcscntod  to  the  Mad^mie  ilrs  sciences,  Paris,  ostiiblifhiiig  Hit-  ihci>i7  of 
continuous  jnrdcrs  bj  means  of  bending  moments  nn  the  supports. 


It  must  however  bt;  remarked  that  intlie  Ihousands  of  railway  bridges  of  ordinary 
span,  Ihe  constructors  have  not  followed  in  the  paths  of  the  manellnus  progress 
characterised  by  the  exceptional  structures  that  we  have  just  quoted.  The  engineers 
charged  to  draw  up  the  plans  were  obliged  to  talte  into  account  the  processes  of 
manufacture  of  the  metal  and  various  parts  of  the  structure,  and  the  methods  of 
arrangement  at  their  disposal,  the  cost  of  labour  and  other  local  tnlluences. 

Thus  in  Europe,  since  1860, and  after  the  invention  of  foundations  sunk  to  a  great 
depth  by  means  of  compressed  air  cylinders,  an  invention  which  dates  from  the 
same  period  (').  we  have  seen  a  large  number  of  bridges  spring  up  with  straight 
girders  continued  over  a  certain  number  of  spans  and  supported  on  piers  resting  on 
caissons.  For  the  solid  web  was  substituted  a  close  lattice- work  of  flat  bars  streng- 
thened by  rigid  uprights  so  as  to  prevent  buckling.  The  large  railways  then  in 
course  of  construction  all  over  Europe,  many  of  which  have  become  main  arteries  of 
circulation,  include  many  structures  of  this  kind  ;  their  construction  was  generally 
effected  by  launching  them  from  the  support  lengthwise  {lattcage  hngiludinal)  and 
this  appreciably  diminished  the  cost  of  scaffolding.  The  main  girders  of  the  bridges 
constructed  at  Kehl  and  Cologne,  on  the  Rhine,  constitute  historical  monuments  of 
this  system  of  construction  which  was  abandoned  about  1867  in  favor  of  lattice 
girders  with  rigid  »;ross-bars,  the  lattice  work  being  very  open.  The  idea  conceived 
by  Clapeyron  in  1857,  of  profiting  by  the  continuity  of  the  girders  through  several 
spans  so  as  better  to  utilise  the  melal  without  affecting  the  rigidity  was  not  the  only 
one  in  view  in  endeavoring  to  abandon  the  arrangement  of  independent  girders  for 
each  span,  in  order  to  gain  additional  resistance  from  the  supports,  (girders  with 
anchored  ends,  with  funicular  suspensions,  with  strut-beams,  etc.,  were  ideas  that 
remained  unfruitful,  whereas  the  idea  of  the  iron  arch  being  substituted  for  the 
stone  one  and  of  utilising  the  supports  as  abutments  has  given  rise  to  a  series  of 
very  practical  iron  bridges  distinguished  for  their  elegance  of  construction  and  offer- 
ing as  much  resistance  as  bridges  constructed  on  other  systems.  The  theory  of 
these  arches  was  originated  by  Bresse  [*)  in  1859,  and  improved  by  Albaret, 


{')  In  1859.  &  bridge  was  built  across  the  Rhine,  near  Kehl,  the  Hrst  with  largu  paeumatir 
eylmders  sunk  64  feet  (10.50  metres)  below  low- water  mark. 

Ill  1858,  a  bridge  wns  built  over  the  Giroude,  at  Bordeaux;  with  pncnmalic  piers  sunk  69  feet 
[31  metres)  below  Idw- water  mark.  Caiasona  have  genei'oUj  been  substituted  for  piers.  In  India, 
for  the  bridge  of  Benaros  on  the  Ganges,  tubular  cylinders  have  been  sunk  by  dr-edging  to  140  tci-t 
(42.6  metres;  tielow  low-water  mark.  (London,  1881,  W.  F.  Batho,  consulting  engiaeer.) 

[*)  Cours  de  mAxinique  appUqtiie.  Paris,  1839,  already  quoted,  with  tables  for  the  arcbrs. 


io  1S62  (').  It  was  at  once  put  in  pradic«  and  litis  was  the  ungiu  or  tliat  type  of 
construction  to  whieli  bdong  the  great  arches  of  more  than  525  feet  llfJO  nielrcs,' 
span,  constructed  much  later  over  Ihe  Mississippi  at  Saint  Louis  over  the  Douro  al 
Oporto  ami  over  the  Garabit  ravine  in  France. 

In  short  we  may  say  that  in  the  Old  World,  about  1870,  iron  bridges  took  the 
general  forms  that  have  to  all  intents  l)een  preserved  since  and  Ihat  ttie  methods  of 
calculation  were  those  in  use  al  the  present  day.  Wc  shall  discuss  later  the  improv- 
ements nolverj'  apparent  but  of  considerable  importance  which  (iovernmenls  and 
great  Railway  Administrations  have  since  been  led  to  introduce  in  the  metallic  parts 
of  more  recent  bridges.  We  may  remark  that  long  before  1870  or  even  1867  iron 
bridges  in  the  New  World  were  constructed  with  truss-girders  of  open  triangular 
lattice-work,  as  soon  as  spans  exceeding  those  for  which  plate-girders  were  used 
were  in  contemplation.  This  is  especially  true  of  the  framework  connected  by  pins 
at  the  points  of  intersection,  which  the  American  engineers  adopt  in  preference  for 
their  bridges  (pin-connected  bridges)  in  order  to  lessen  the  cost  of  putting  them 
together,  in  consideration  of  the  high  price  of  tahour  of  the  place  of  erection.  The 
European  engineers  use  riveted  connections  exclusively,  and  the  few  bridges  that 
had  been  constructed  with  pin-connections  (*i  have  had  to  be  replaced  by  more  stable 
structures.  Moreover,  convinced  as  we  are  in  Europe  of  the  superiority  of  riveted 
over  pin-connected  bridges,  we  do  not  fail  to  render  homage  to  the  cleverness  with 
which  the  American  engineers  have  solved  the  most  dillicult  problems;  we  find  also 
thai  they  prefer  riveting  wherever  it  seems  compatible  with  the  conditions  necessit- 
ated by  local  circumstances. 

11.  —  Live  uuds  to  hi;  considkiieu  ijlk  Tit  IHILI,[^G  stock. 

One  of  the  most  essential  elements  to  be  considered  in  determining  the  quantity 
of  metal  to  be  used  in  iron  bridges  is  of  course  the  moving  load  to  be  reckoned  in 
calculations  of  resistance  which  mainly  consists  of  the  weight  of  Ihe  locomotives  and 

l')  Aniwles  del ]ioi>U  et  cliauist'ex,  1863,  Slid  half-yiiar,  p.  30,"j,  for  arches  properly  so^CsUod, 
and  1870,  ii"??!,  p.  463  to  573  for  arches  willi  rigid  Bpandrt-ls.  Several  archeil  briitgos,  thus 
caleulatod,  have  been  (.'onstructt-d  on  the  Algerian  milwuys. 

{•)  In  Austria,  in  partindar,  the  Schniroh.  Neville  and  Si-iiiffkorn  systems,  for  tlir-  two  Utl«r 
ol  whii^h  both  wrought  and  cost  iron  were  nsud  simultatmuuGly.  In  America.  coiiipoMitc  ftrui-- 
turcs  of  iron  and  wood  lormei-ly  ralhernumcrous,  have  likewise  bcea  climinaled. 
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tenders  to  be  taken  into  account.  The  «  Sharp  and  Roberts  »  locomotives  in  1840 
weighed,  when  empty,  IS  tons  only;  the  « Stephenson  »  locomotives  in  1845  weighed 
18  tons  at  most  (i).  These  very  modest  weights  were  soon  exceeded.  The  few  types 
of  engines  used  at  first  for  trains  of  all  kinds  were  replaced  by  special  types  accord- 
ing to  the  kind  of  train.  In  1850,  the  Crampton  locomotive  used  specially  for 
express  trains,  passed  from  England  to  France  and  was  at  once  adopted  by  three 
great  Companies  (Northern,  Eastern  and  Lyons  Railways).  It  weighed  28  tons  when 
loaded,  10  tons  of  which  were  borne  by  the  driving  axle.  As  soon  as  it  was  decided 
to  let  such  a  weight  be  borne  by  a  single  axle,  the  others  were  equally  heavily  loaded^ 
The  locomotives  of  mixed  trains  and  goods  trains  with  two  or  three  axles  coupled 
and  loads  distributed  over  them  as  equally  as  possible,  became  heavier  and  heavier. 
After  the  railway  over  the  Semmering  in  Austria  was  finished,  a  competition  was 
organised  for  arriving  at  the  best  locomotives  capable  of  drawing  goods  trains  up 
gradients  of  1  in  40,  up  to  then  unknown  in  railway  engineering.  In  this  compet- 
ition which  has  remained  famous,  the  Engerth  locomotive,  which  obtained  the  first 
prize,  gained  only  a  temporary  success;  it  had  to  be  modified  and  it  was  by  placing 
the  leading  axle  of  the  tender  on  the  frame-work  of  the  locomotive  that  the  4  coupled 
type  was  arrived  at,  which  type  up  to  the  present  day  constitutes  the  engine  par  excd- 
lence  for  mountain  lines.  Such  engines  have  always  been  considered  by  bridge 
engineers  as  constituting  the  heaviest  load  to  be  taken  into  account  in  the  calculat- 
ions of  the  resistance  of  iron  bridges,  this  being  mainly  due  to  the  little  distance 
between  the  axles.  About  1864  an  attempt  was  made  to  increase  the  number  of  axles. 
The  «  Petiet »  locomotives  of  the  French  Northern  Company,  had  four  cylinders  work- 
ing two  systems  of  two  or  three  axles  each.  The  goods  locomotive  of  this  system  had 
when  loaded  a  total  weight  of  57.6  tons  equally  distributed  over  six  axles;  making 

Engine  loith  3  axles.  Sharp  and  Roberts,  1840,  Stephtnson,  t845, 

(')  Diameter  of  driving  wheels    5  feet  59  inches  (1.66 metre).         5  feet  7  inches  (1 .70  metre). 

Total  heating  surface  ....     600  sq.  feet  (55.80  sq.  metres)    743  sq.  feet  (69  sq.  metres) 

(with  162  tubes).  (with  139  tubes). 

Diameter  of  piston 13  inches  (33  centimetres).  13  3/4  inches  (35  centim.). 

Stroke  of  the  piston     ....     18  inches  (46  centimetres).  20  inches  (51  centimetres). 

Weight  of  engine  when  empty    .     12  tons.  18  tons. 

Position  of  fire-box Between  the  hind  axle  and  the     Projecting  behind   the  last 

driving  axle.  axle. 

The  two  locomotives  were  registered  at  5  atmospheres ;  the  Stephenson  locomotives  with  the 
driving  wheels  in  the  middle  of  the  engine  were  subject  to  a  marked  oscillatory  movement. 


1(1 

8.6  tons  to  each  axIeC,.  At  the  Paris  Universal  Exhibition  1867,  were  exhibited 
various  other  similar  monster  loromotives,  since  given  up(*);  they  strained  the  per- 
manent way  and  bridges  far  loo  much,  without  there  being  an  excessive  load  on  the 
axles,  this  load  being  then  generally  limited  to  12  tons  at  the  most.  This  limit  sm 
then  quite  sufficient  for  engines  of  goods  trains;  it  was  only  exceeded  for  express 
trains.  Locomotive  engineers  were  persuaded,  at  any  rate  until  1865,  that  coupling- 
rods  were  incompatible  with  great  speed;  hence  the  necessity  of  increasing  the 
adhesion  on  the  single  driving  axle,  in  order  to  render  it  capable  of  drawing  an 
express  train  of  15  to  18  carriages  at  a  speed  of  43  1/2  miles  (70  kilometres)  an  hour. 
The  initiative  in  this  direction  was  taken  by  the  English  railways  i^],  where  the  load 
on  the  axle  was  raised  from  13. S  to  14. S  tons.  It  would  certainly  have  exceeded 
this,  if  fresh  trials,  made  with  coupling  rods  fixed  with  extreme  care  had  not,  in 
1868,  furnished  complete  proofs  of  the  admissibility  of  these  rods  for  express  loco- 
motives. The  Sturrocklype,  of  theGreal  Northern  Railway,  was  the  first  lo  be  iidopted 
on  the  continent,  and  was  introduced,  with  some  modifications,  on  the  French  «~#— 
Northern  Lines.  Between  1874  and  1876, nearly  all  the  principal  European  Itailway  ~^«l 
Companies  had  come  to  adopt  types  of  locomotives  with  coupled  axles  for  express.^.^iJ 
trains,  and  ii  seemed  as  ifthis  innovation  would  result  in  a  proportionate  lighteu- 
ing  of  the  load  borne  by  one  single  axle,  and  also  of  the  strain  brought  to  bear  niKis-^] 
iron  structures  by  such  an  axle.  Subsequent  experience,  however,  proved  tho 
contrary,  at  least  as  far  as  the  omtinent  was  concerned.    At  the  Paris  L'niversa  .■ 


(')  Aiino?M(/*tmi>wj.etliBeries.voLV.  p.i:f7. 145,  I49andl53.  Twelve  wheels  of  3  feet 
(1 .065  metre)  in  diameter.    Total  IcngiL  brtwwu  axlet  —  19  (eel  8  imhcs  [6  metiv*),     UeatincK  «^ 
surfwe  =  1.293  squ&rc  feet  (213  square  nieire«).     Diami^r  of  pistons—  lfil/2  inches  {4Sccii 
limetres].     Piston  stroke  =  17  1,4  inches  [44  ccDtiiuetr<?s.. 

[*]  We  shall  sec  further  on,  that  subsequently  engines  quite  as  heavj  althnuph  differenllj  ixm 
'structed  wore  a^^sin  allowed. 

I*}  The  Mac-Conit*ll  loeomiXioe  at  the  London  and  North  Weslcni  (Uulwar  with  free  drivin^^  *• 
aili-.  driTini;  wheels  7  feel  fi  inrhes  (2.30  metres)  in  diumeter,  861  squire  foot  [80  square  molrw)^- 
of  he«tiiig  turfaoi?,  adhesion  load  IS.o  tons. 

The  Ramtbotiom  loeomothie  of  the  same  Companv.  with  fi'c«  driving  aile,  drivin 
7  fi>et  6  indtiv  (2.30  metres)  in  diameter.  1 .022  1.2  square  (eel  iKi  sqaare  metreai  of  bcatiag  «ur- 
[are.  adhciiun  load  12.5  lon». 

The  jVcImmi  foeomotiee,  of  the  Caledonian  Bailwaj,  with  tr*<^  driving  nili-.  1,152  x^uaru  tM 
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square  n: 


i)  of  heating  surfece,  ndhrsiuulund  14.5  tor 
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Exhibition,  1878,  it  was  remarked  that  nearly  all  the  French  Administrations  (')  had 
considerably  increased  the  weight  of  their  locomotives  for  express  trains  and  goods 
trains;  viz  (in  tons) : 

(1)  •  .  .  .  . '.  .     Heavy  locomotives  in  France  about  1878. 


COMPANIES 

Lyom. 

OrieaM. 

WettMH. 

Eattem. 

Southern. 

RortlMnie 

/  Namber  of  axles 

^                            \  Axle  loads 

Express  tnuns.  .  <  __  ..      . 

'^                      1  Tractive  f6rcc        .... 

(-Total  weight 

^     ,            .  J       (  Axle  loads 

Saxlesooupled    .     _  .  ,      ,  ^, 

(  Total  weight 

,     ,            .  ^          Axle  loads 

4axlesooapIed    .     ^  ,  ,      ,  ^^ 

Total  weight 

4 

12  9 
25-2 
44*8 

11  8 
34*7 

13*7 
51-7 

4 

12  9   ' 
15*0 
41*8 

13*4 
380 

13*0 
48-8 

3 

12*5 
24*9 
360 

12-5 
36*5 

• 
• 

3 
13  5 

27*0 
35-7 

11-5 
33-0 

11*6 
46*2 

3 

130 
20-0 
37-5 

12*8 
27*0 

13*8 
54  0 

4 

13-5 
27*0 
41-6 

9*5 
28*3 

12*2 
43*4 

The  locomotive  with  four  axles  coupled  of  the  Southern-Company,  which  figures 
as  the  heaviest  in  this  table,  has  remained  up  to  the  present  time  the  one  that  has 
occasioned  the  greatest  strains  on  French  iron  bridges.  The  English  engines  of 
the  same  period  did  not  weigh  54  tons,  for  the  type  with  4  axles  coupled  had  not 
penetrated  into  England ;  but  on  the  other  hand  the  axle  load  in  England  exceeded 
14  tons  for  engines  of  express  trains.  In  Austria,  the  engine  known  as  the  «  Sem- 
mering»,  which  formerly  constituted  the  prototype  of  locomotives  with  4  axles 
coupled,  has  about  1878  attained  to  the  weight  of  51  tons,  and  although  the  load 
on  the  axle  did  not  exceed  13  tons  the  «  Semmering  »  train  strained  the  bridges 
nearly  as  much  as  the  French  Southern  locomotive. 

The  last  Universal  Exhibition  at  Paris  in  1889  and  the  accompanying  third  session 
of  the  Congress  again  showed  a  slight  increase  in  the  weight  of  the  engines  and 
the  maximum  axle  load,  as  is  shown  by  the  following  table  of  locomotives  with 
4  axles  coupled  and  their  tenders,  in  which  we  arrange  the  Companies  as  before 
according  to  the  extent  of  their  lines. 


(*)  The  reader  can  find  full  details  and  very  complete  drawings  summing  up  all  the  technical 
data  of  railway  industries,  up  to  this  period,  in  the  great  work  Das  Eisenbahntoesen  in  Frank- 
reich,  Vienna,  1  vol.  in-folio.  Carl  Gerold's  Sohn.  Copies  of  this  work  were  distributed  among 
members  of  the  Congress,  at  Brussels,  at  the  time  of  the  first  session  in  1885. 


(2). 


f  locomotives  wiih  four  axles  coupled  in  France  about  ] 


NAME  OF  KAll.WAY. 

UUFF^KTO^UFtEB 

EXTREME  H1.11S 

,..;., 

rflhe 

rnglliB. 

tender. 

.Si 

,;:?.;. 

Tolal. 

land. 

P«ii-L»oD.  M«liifrr=w8N .     ,     .     . 

5a' 

■SI" 

i 

5.TTT 

«9-» 
M-BO 
M-00 

S3'30 

H-IO 
U-60 

WW 

St-lO 

awtiism 

These  engines  were  such  as  were  in  general  use  in  France  aboul  1889,  The  excep- 
tional types  thill  figured  at  Ihe  exhibilion  exceeded  Ihese  us  regards  loads;  thus  we 
gel  tlie  compound  locomotives  wilh  four  axles  coupled  exliibited  by  llie  Paris-Lyons- 
Medilerrunean  and  Ihe  Northern  Compiinies  : 


(3). 


Compound- Locomolives  {')  with  four  axles  coupled,  Paris  18S9. 


.V„„„,C.M..»V. 

TO  TBSUKB. 

BXTEKMRtlLBB 

..„„„ 

,.„. 

ailr  iola. 

P»rti-L»oni^M«lli:^rrj.n™„ 

■  ifaiiJi 

51-50 

1800 
13-00 

II  is  certain  that  at  the  same  time  the  compound  express  locomotives,  ust'd  in 
Engliinil  on  the  main  lines,  carried  slill  heavier  asle-loads;  we  shall  discuss  thi« 


(')  Sjrstetn  iDaufnirfiLc<l  in  France  by  M.-A.  Malli^t  on  tlie  little  line  from  tiayonuo  U)  BiaiYiU. 
Sob  :  Sttide  sur  rutilisalioit  de  la  tapeur  dans  les  tocomotices.  Paris,  1878,  Capi'irnonC  aiid 
Renault. 
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later.  From  the  very  complete  lists  made  in  1892  and  1893  of  all  the  locomotives 
ID  use  throughout  the  German  Empire  (i),  it  is  seeu  that  the  axle  load  is  there 
generally  limited  to  14  tons  (>),  and  does  not  exceed  15  tons  in  the  heaviest  engines 
constituting  an  exception  lo  this  rule.    We  will  quote  the  followii^  instances  :  — 


w- 


Heavy  locomotives  used  in  Germany  about  1893. 


ADMINISTRATION. 


WDrlembergSuiW  Iti 
Louis  of  Heim  asUwa 


BerJ[D  Railway  . 
BroQlberg  Ruilvly 
Elbcrfeld  lUtlway 
Krtbri  Railwaj'  . 
FrBDcTori  Railway 
HuDavgrlnD  Rsilwa; 
CulagoB  ]eti  bank  Hi 
Bavarian  State  Rullway 
Saiooy  Scale  Kallwar  . 
WiirieiqberitStoif  Railv 


i|7-0«l 
Ilj-Cfll) 


(15-BlSJ 

H| 

5r  I  ■;," 

(15^ 

br  t  %•• 

(1M15I 
J15-615I 

iis-raiSi 

ri5-*»i 
«-ii»,v 

115-1301 
5?  U II.'- 
1I6-(M4; 


(IMIUl 
«■  10  ",' 

in-coii 

38'  6  'I." 


13-flOOl 
tffV 

Iff  H  1,',- 

15'  5" 
H-OW) 


13^1 
S- 10  '','■ 

It-TOO) 


«■  Hi/," 
if  n  1 ," 


*■  11  ■,;■ 
iit-iai 

«•  9  V 
Jn-  I  " 
(iftcui 
«■  0  ';,■■ 
jlMBoi 


(6-5  JW 

ti-  a  v," 

^t 

(irsTS) 

if*  K," 

fi'  0  'i" 

0-5151 
«■  5  V 
(fl-ftSW 

ir  ID  •/." 

(iraflt^^ 


a-3Mi 
lo-io- 


(*)  Statiitik  der  im  Betriebe  befindlichen  Eisenbahnen  DeuttehlaniU  bearbeitet  imReU-httiten- 
bakrutmle.  This  fine  work  quotes  all  the  engines,  with  their  numbers,  dates  of  construction  and 
details  of  all  kinds. 

{*)  A  condition  up  to  now  compulsory  on  all  Administrations  belonging  to  the  »  Vercin  douticher 
Eisenbahnverwaltungen  ■. 


Heavy  1 


locomotives 

British  meaanrea. 


(sDd  lenders)  in  Austria  and  Hungary  about  1894. 

Tender.  L>ocoiuotlve. 


j^xy^rr^y^k- 


.       ,     T T T^ 

13  71    1178   13  £7      i       UU  14'40       13-83   ti  T4 

=   0'1»,,'X1' 11"  X5'7'X4'!V:<3H>-,VX  a'll.V    XS*10i,.-XS'l('i..-XiU'.'> 

n-40    11-30   11-30     :      U-16        M-IB      10-K  iii'a 
=  s'ioi,vxs'ivxs-i',,-XJ-iiV."Xi'li;,-x  ffiv    X   5-T"   xa-T-XffoS-' 

11*20  io'to  id-TO    I    U'OO      u'oo    10*00  lo'eo 

<  v«'i,-xfu-xftyxmi:xf(i^.'X  rt;,-  xa"a',v  x^7  xfTv 

13*43    13*47    13'e3     |      14*00         u'oo      133s'  l^K 

e  8'5i/."x  5-3-  X  5'3"  xviivxsMvO<  rio';,"  X 0" lui.'xi" ws'xnv 


8'33      8-33     8' 


13  80         13-80        e-70    S'K     : 
rxB'3';i"X  B'S"..'  xffu-,"  X5-T-« 
Loco  motive. 


^^o-o-r^:<XXHx>^- 


13-90    13  90    13-80    7-BO  79 


(.ocomotl  re. 


-^£>^><^d^XXX)^ 


^ T 

10-70    10-70 

11-  Xl-U'.(-X5'( 


uslrian  Soulhern  Railway . 
(Goods.) 

; 

12  20    1220 

5-5.,VXl-H"Xi>'7 

Austrian  Company. 
(Oooda., 

< 

10-70    10*36 

r,-!i-X5'Oi.-X5'4 

Austrian  Stat«  Railway. 
(Goods.) 

< 

IP'OO    10*00 

5-irx*-fl-..-Xf.'9 

uslrian  Southern  Bailwav 
(Ooods.) 

L 

9-20     9-20 

a-0',"X  vv  xr>-s 

Austrian  Compnny. 
(Goods.) 

< 

10-70    10*36 

Auatrisn  Stale  Hailwaj. 
(Goods .  ] 

< 

11*60    10*60 

5'9t,."X  3'r  X5-3 

10  70      ■;     13  7Q     14-00     1340     1340 

'  ."X  *■  r  X  lOT-  X  4-  5',,"  X3'  1 1  '„-  X  f  5 '!."  X  »«*• 

12'l0      i     13-00     18-40     13-00     18*00 

r X<'9';."XlO'3!;,"xyil 'V'X Til !■.- X  *"5'." X?!'." 

<   10*75      ;     13-30     14*00     13*90     13*90 

4iVX*'W/.'-XHVX6-0'..,-X  41"    X     tr     x^l*^"'. 

I   10*00      :     13^00     14*00     13*30     13-M 
■X4'rx8-4'„X4"J'JrX4-'V  X^'TX^K* 

s'lo 


;     14-50     14=50     14  H     U-U 
<iirai(,"x  4-5<,vx  4'ii ,-  x?  io».'x  r~ 


IV 
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itrio  measures. 


I.ii8triaii  Stote  Railway. 
(Express.) 

;arian  State  Railway. 
(Express.) 

irian  North  Western 
lailway.  (Express.) 

^arian  State  Railway. 
(Express.) 

rian  State  Railway. 
(Express.) 

'ian  Southern  Railway. 
(Express.) 

Ian  Northern  Railway. 
(Express  ) 


arian  State  Railway. 
>assenger  trains.) 


trian  State  Railway. 
(Goods.) 

an  Southern  Railway. 
(Goods . ) 

ustrian  Company. 
(Goods . ) 

trian  State  Railway. 
(Goods.) 

an  Southern  Railway. 
(Goods.) 

ustrian  Company. 
(Goods.) 

trian  State  Railway. 
(Goods.) 

arian  State  Railway 
(Goods.) 

ttrian  State  Railway, 
heaviest  locomotive. 


Xender. 


I  «ocoinotl  ve« 


'^k;m;m;h,^<>-Q-^;h;>^ 


T 1        H \ f 

13  71    11-78  13-27     •      liH 

l-87oX  1-500  X  1-703  X1-2M XI  IM  X     «'80O 


11*40    11*80   11-80 


14*16 


<      1-795X  1-5S0  X  1-580  XI-505X  1-552  X     t-500 


11-20    10*70   10*70 


14*00 


<      l-eWX  1-5C0  X1.500X1-250X1-235X     *.200 


13*43    13*47   13*63 


14*00 


1  9C0X  1-000  X1-6C0  Xl.510Xl.C50X     «"400 


10*80    10*60   11*00 


13*80 


1-806X  1-470  X  1-770  Xl-281  X 1-419  X     «-500 

10.*37    10*37   10*36     !      13*99 

1-7G0X  1  330  X  1470  XI-3J5X  1-455  X     2  400 

8^33     8*33     8*33     i      13*80 

1.719X  1-570  X  1-630X1-447X1-922  X     2-600 


14-40      18-88    12-74 

X    1-800    X  2-700  X  1-542  > 

14*16      10*26    10*26 

X    1700    X  1-700  Xl*844  > 

14*00      10*00    10*00 

X    2-00«)    X  1-700  X  1-418  > 

14*00      13*36    18*36 

X    2-100   X  1-800X2  022  > 

14*00        9*40     9*40 

X    1-700    X  1.700  X  1-530  > 

14*00        9*89     9*89 

X    2150    X  1-750X1.280  > 

18*80       9*70     9*70 

X    1-850    X  1-700X1  537  > 


Xender* 


Lioeomotl  vei 


<^^<=Lcy-n-r)-^^xyryrycyn^. 


-^ T 

11  40    11-30  11  30 


13  90    13  90    13  80     780  780 


<      *-796  X  1-580  X  1-580X1-505X  2-lOOX  1-750  X  1*700  X  1-3&  X1-800X1-394   > 


Xender* 


Lioeomotl  ve« 


♦  ♦  f  i         I  f  t  t 


10-70    10  70  10  70 


13  70     14  00     13-40     13-40 


<      l-KS  X  1-470  X  1.770  X1.270X3-225X  1-350  X  1-200    X  1-350  X  2-962      > 


12*20    12*20  12*10 


18*00  13*40  13-00  18*00 


<      1-655  X  1  500  X  1-7COX1-456X3-136X  1-200  X  1-200    X   1-350  X  2-805 


10*70    10*35  10*76 


13*80     14-00     13*90     13*90 


1-654  X  1-528  X  1-633  X1-458X2-227X  2-060  X  1270    X   1-270  X  2.862 

10*00  10*00  10*00    ;   13*00    14*00    13*30    13*20 

1-805  X  1-470  X  1-770X1-270X2.563X  1*400  X  1-400    X    1.400  X  2.700 


9*20 


9*20 


9*10 


13*21     13*67     12*16     12*16 


<      1-766  X  1  340  X  1-660  X1-400X3-2IOX  1-180  X  1-180    X   1-200  X  2.965 


10*70    10*35  10*76 


12!66 


13*60 


13*00 


12*90 


<      1-654  X  1  528  X  1-633  X1-458X2-212X  2-060   X  1.270    X   1-270  X  2- 


11*60   10*60    9*80 


13*00     13*00     13-00     13*00 


1-767  X  1-600  X  1-600  X1-230X3-025X  1-150  X  1*150   X   1*200  X  2.flB 

11*40    11**30  11*30     ':     12*42     11*83     11*26     11*68 

1-765  X  1-580  X  1-580  XI -505 X2-903X  1*150  X  1.150    X   1-300  X  2  635 

14*60     14*60     14*60     18*10 

<3.182X  1-360  X  1-360    X  1*190  Xtm 


Locomoti  ve-tender 
Tank -engine 


(6) Heavy  locomolives  (and  lenders)  in  Europe  about  1894. 

Brldab  measures.  Tender.  Locomotive. 


15-8S     lE'TO    13-Sl 


rkM><:H^<M><K>^ 


B'8"  XfO"XVS-X 

16*15  17*27 

11  ■  X      w  0-     X    ■ 

.  16*77 

14*73 

"     X  ' 

16^70 


19  80         8  &3     8U 


IMS    11  18    10-57      ■;      U  OE 

ff-x  o'o-  X  S'lr  x*'*"Xvu"x     ' 
Tender  nol  giren  :       15-08 

X  X  X         X  *■  3"  X      1 

■fender  nol  giTen  17  27 


9-    X  irtrxrr 

7-16     7-U 
'    X  yrxrr 

.  7*".  '''", 

7-88     7'8! 


12  68  It  n 

V  X  yrx  rr 
Loco  mo  1. 1  ve  . 


r^<><>^:K>^><>^ 


8-43       15-76       15-7S       U-00     ] 

3"X      TO"     X     S-3-     X     «■&"     XS'B-» 


1290      15  76     15  84    15  81        tU 
■0"  X   s"!*"  X  ^'C'  X  yo"  X    ff<r  >t  rr 
Lu  comoUve-iem  (l«r  . 


K^vrw>-~OOO^X>^ 


IS         15         10      10 

■iXt-'S"   XTCriiX5-ll"X  Tf 
LniTODMi  live. 


Krw>r^:L<V<VO> 


11-89     11  89    11-79 

-    X   li"  fi"    X   U'  0-  X  *■  0' 
Tender. 


Locomotive. 


.     :  Tender  n-.t  piven.  "        "         '  ' 

<  X  XXX' 

Tiink-ciiKlne. 


18  90      U  83     Wn 
■.ocomott  ve*lender. 


15  0 

j-X  *"■••. 
T«alcenfcine. 


15  0      14  a 

La<;oinollvi 


French  Stale  Riilwij'. 

I  Heilmiinn  E'eclric  Locomotive. 
((Djn.  !  410kilow.)  E<perimonta 


r^QQQQ=^)QW^i 


12  5     12  5    12S  Bt 


rv 
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ISatrio  measures. 


North  Eastern  Railway. 

(Express  ) 
orsdell  and  Borrie  system. 

Manchester  Sheffield  and 
colnshire  Railway  (Express). 

Qcbester  Sh.  A  Lincoln^"*  Ry 
Standard.  (Express.) 

West  Hif^hland  Railway. 
(Express.) 

ndon  A  South  Western  Ry 
Adams.  (Express.) 

inby's  Express  Compel  Loc. 
thorn  <&  Leslie,  Newc.  on  Tyne 


Xender« 


mdon  &  North  Western  Ry . 
bbs  Comp.  Express  Locom. 
Standard,  Crewe  1893. 


Mersey  Railway 

Kitson  <&  O.  Leeds. 

(Ooods.) 


St-Gothard  Railway, 
[allet  Compound  Express. 
(Passengers.) 


ichesterSh.  &  Lincoln"  Ry. 
Standard  Loc.  for  Goods. 
(Goods.) 


idon  &  North  Westhern  Ry. 
bbs  Comp.  Loc.  Crewe  1893. 
(Goods.) 


St-Gothard  Railway. 

dailet  Compound  Duplex. 

(Goods.) 


French  State  Railway. 
Imann  Electric  Locomotive. 
.  :  410  kilow.)  Experimental. 


T 
15  86 

1-371  X  1 

11-89 
l•5^^  X  1 

11-89 

1  321X  1 

11*18 

1-J19X  1 

♦ 

X 


12-70 

r8i  X  1 

11*89 

061   X  I 

11*89 

9S1   X  1 

11*18 

&»  X  1 
tr 

X 


18-21     . 

■081  X1-«0X 
Y 

11  79      : 

OWI  X  1-371X 

11*  79      : 
081  X1'210X 

10*67     j 

SiO  X  1-321 X 
X        X 


X 
Xenderi 


16  U 

l-3^6X 

16*15 
15*75 

1-524X 

14*02 

1-219X 

16*08 
l-ftfiX 

17*27 

l-3ilX 


8  93     8  93        : 

X  1081  X  0-762  > 

7*16     7-16 

X  1-753  X  1-289  > 

711      7  11 
X  l-<53  X  1»5  > 

7*62     7*62 

X  1-60O  X  1117  > 

10*05   10*06 

X  2 134   X  2  ^o  X  i-4a  > 

18*29       12*69   12*69       *• 

3-486       X    «147     X  IfiOU  X  I'JM  > 

EfOeomotl  ve« 


19  20 

2-819      X    2-363 

17*27 

2-743      X    2.261 

16*77 
2  616      X    2S61 

14*73 

2-489      X    2  388 

16^0 

2-500 


,f>4^>-r>-r>-i,M^-0-rW>h 


T 

X 


T 

X 


1       : — T 

8-43 
X         Xl-inx    i 


15  75       15-76       13  00 

134    X     2-514    X    2*5:5    X  1524 


LiOcomotlve- 

Cender. 
Xank*e  ngl  ne. 


:       12  90      15-76    16  24    15  24        9  44 

*<  1139X    2  438    X  1*753  X  1  753  X    2  438    X  1-324  > 


Xank- engine. 


Liocomotl  ve-  ten  der* 


ri^y^-h^ — QOOoo^i 


I  V T 

II  11        11 

<    1-77  X   1-50    X  1*70  X 
Xeiider 


T T X V     V 

16  16         15        10      10  : 

2-74        X   1  79    X    1  73  X  215   X  1-80X  1*15    > 

•  Liocomoilve* 


I       ♦       5      ♦     i       nr         t  iT       • 

11  89  11  89  11  79  :    13-62    16  66    14  93 

<  1  321  X    1061  X  1081  XI -219X   1-524    X      2616      X      2  412      X    2-286    > 


Xender. 


Ltoeomotl  ve. 


f4o=o^H^>Q:0£>1 


X 


T 

X 


Xank-englne 


9  86      12  90      14'63     12*70 

X        X2-134X    1*753  X    1*753  X   1*753   X    2  286 


LiOeomoUve-tender. 


f^icu~\D-^uyr\^. 


1 T f 

15  0         143        148 

<    2-33  X      1-35     X     1*36     X 
Xttnk  •engine. 


r nr T 

150         143        143 

2  73  X     1  »     X    1-35     X    2.W 

LiOconiot.lvc-tendci*. 


r^OQOC^^XXX)^ 


12  5     12  6      12-5    12  6 

<    1-8  X   1-3  X     1-5    X  1-3  X 


12  6    12-6    12-6   12-6 

4-1  X   1-3  X  1-&  X  1-3  X     l-» 


(7).  .  .   Heavy  locomotives  in  use  in  ihe  United  Slates  of  America  about  1894. 

BriUsh   meaanres.  Eajirefl,  3  acclet  eoupUd. 


biladelphia  &  Reading  Railway, 

compound,  4  cj'Unclers, 
ia,  Locomolive  Works,  Philadelphia. 


L.  W..  camp.,  4  ci 
8  C,  Pliiliijelphia, 


,   1  New  York  Central  &  Hudoon  River  Railway. 
*  I  West  Allmny  N.  Y. 


Express  and  passenger  traiiu,  3  airies  coupled. 


GOfxh,  4  axleit  coupled 


^^xxxyo^ 


i      Mohawk  .4  Malvue  Bailnnj.  conip.  2  cyl. 
I  Schaiieclady  Locomotive  Works,  Schenectad)'. 
i     Great  Northern  Railway,  eompound,  4  cyl. 
(  Players  Patent,  Brooki.  Dunkirk. 

I  Norfolk  &  Western  Railway,  compound,  4  eyi, 
I     Baldwin  Locomolive  Works,  Philndelphia. 
I  IllinoiB  Central  Railway. 

I         Rogers  Locomolive  Works,  Pateraou, 


I  Dulutb  A  Iron  Ran^  Railway. 

i  Schenectady  Locomotive  Works,  Schenectady, 

1  Great  Nortbern  Rallwny. 

j         Brooks  Locomotiie  Works,  Dunkirk. 


New  York,  Lake  Erie  A  Western  Rwlw»y, 

Compound,  4  cylinders. 
BaUwiD  Locomotive  Works.  Philadelphia. 


X€iar-    '. 


U-7       W-7        147       14-7 


Gixirf*.   4  ux}f»  covplcd. 


XXXVM:i^ 


Goodg,  5  oa-la  coupled. 


[=^XXVQ=^^ 
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Metric   measures. 


Philadelphia  &  Reading  Railway, 

compound,  4  cylinders. 
Iwin,  Locoaiotive  Works,  Philadelphia. 

:hine-lypc  Baldwin  L.  W.,  comp.,  4  cyl. 
iirnham  Williams  &  0>,  Philadelphia. 


Erie  Railway,  drivers  engine. 
Ck)oke  Patterson  Locomotive  Works. 

^  York  Central  &  Hudson  River  Railway. 
West  Albany  N.  Y. 

tral  Ry  of  New  Jersey,  compound,  4  cyl. 
ddwin  Locomotive  Works,  Philadelphia. 


Terre  Haute  A  Indianapolis  Railway. 
:lsburgh  Locomotive  Works,  Pittsburgh. 

Great  Northern  Railway. 
Brooks  Locomotive  Works,  Dunkirk. 

Charleston  &  Savannah  Railway. 
Rogers  Locomotive  Works,  Paterson. 


I 


Etcpy'css,  2  aailes  coupled. 


Y •^ -^ y 

14  6  18-9  18  9  UO         • 

<  1-982     X     2135       X     2084      X     2  BUS       X  2.490  > 
•  ♦  ♦  V  Y  • 

10  4  18-9  18  8  9  5 

<  1-796      X     2119       X     2-ffl6       X      3143       X  2'500  > 


L 


Eeopress  and  passenger  trains,  2  axles  coupled, 

— O— O-o-^^ 


:  20  1 

<  1-746       X       2.592 

i 

;  19  1 

*.  1601       X       2-592 

!  19-0 

<  2.033       X       2287 


[ohawk  &  Malvue  Railway,  comp.  2  cyl. 
enectady  Locomotive  Works,  Schenectady. 

reat  Northern  Railway,  compound,  4  cyl. 
Players  Patent,  Brooks,  Dunkirk. 

folk  &  Western  Railway,  compound,  4  cyl. 
ildwin  Locomotive  Works,  Philadelphia. 

Illinois  Central  Railway. 
Rogers  Locomotive  Works,  Paterson. 


Duhilh  &  Iron  Ransre  Railway, 
enectady  Locomotive  Works.  Schenectady. 

Great  Northern  Railway. 
Brooks  Locomotive  Works,  Dunkirk. 


ew  York,  Lake  Erie  &  Western  Railway, 

Gomjwund,  4  cylinders, 
laldwin  Locomotive  Works,  Philadelphia. 


19  1 

X     2- 

i 
190 

X     2-417 
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20  3  104        104 

X     2  765      X    1*830     X    2  020> 

i  t  : 

92  92  : 

X    2*034  X    2-293  > 

♦  Y 

84  84 

X    2-084  X    2  0»> 
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Eocpress  and  passenger  trains,  3  axles  coupled. 


< 


y T *? 

16-6        16  6        16  6       64       64 

2  016    X     2-133    X    1  930     X    1*422  X  1*727  X  1695  > 

V  Y  Y  Y  Y  * 

16  8        16  8        15  8       6  1       6  1 

2-440    X    2  363    X    2-068     X   1 '474  X  1780  X  2-033  > 

14*9        14*9        14-9       S'O       8-0 

1-640  X  2  135  X  1*982  X  1-525  X  1*880  X  2-038  > 

Goods,  4  affiles  coupled. 


150 


150 


15  0 


14-9 
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*<        2-074    X    1  474    X    1.322   X   1*474  X    2312  X   2C84> 
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14-7       14*7 

2-340    X    1*474   X 

V  Y 

137       137 

2  no    X   1  500  X 

Y  Y 

134       134 

1-500    X    1-525  X 


Y  ♦  Y 

14  7      14-7         77 

1-474   X   1*779  X    2-287   X  2-319> 

Y  Y  ♦  ' 

137      137        7-9 

1-448  X     1  576  X    2-410  X    l-6«0> 

Y  t  t  • 

134       134         8.5 

1-525  X  2-056  X    2-339  X  2-109> 


Goods,  4  affiles  coupled. 


-OOOO-^vok 


:         15  8    15  8    15  8    15  8        68        68         • 

<  2-542X1500X1*423X1.804X1*170    X  1*830  X  I'W)  > 

:  Y  i  V         V  Y  i  '• 

15-4    15*4    16  4    15  4        4*6        4*6 

<  2  287  X  1*474X1*474X1*779X  1*194    X   1*780  X  1*970  > 


Goods,  i>  axles  coupled. 


16-6    15-6    15-6    15-6    15*6        104 

<    1-741  X  1'4!3  XI  348X1  4ax  1*474  X  2566     X   1*840> 
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Besides  lhi>s<^  licavy  engines  in  tl.iily  use,  Uiere  area  certain  number 
engines  quite  us  heavy,  in  which  the  uxle  load  iunounls  to  IS  Ions,  and  a  ceri^in 
number  of  old  engines  with  three  and  even  two  axles  where  wo  sometimes  iIimI  a 
still  heavier  load;  but  these  anomalies  need  not  be  taken  into  account  when  consi- 
dcring  the  question  of  the  strain  exerted  on  tlie  iron  bridges  of  the  principal  iiiiRs. 

We  have  endeavoured  to  enumerate  the  heaviest  engines  at  present  la  service  on 
the  railroads  of  both  worlds.  \Vg  have  draivn  up  three  tables  (5),  *6),  (7!,  oDebr 
Austria  and  Hungary,  one  for  Europe  and  particularly  England  i'|,  and  one  for  the 
United  States  of  America  ;'/  in  which  we  have  shown  the  engines  and  leaders  thai 
we  consider  should  be  taken  into  account  when  considering  the  greatest  striiins 
brought  to  bear  on  the  bridges.  In  order  to  simplify  the  description  of  similar 
types  we  have  represented  them  by  one  ;md  the  same  diagram  giving  undernmlb 
the  loads  and  distances  of  the  axles,  and  also  the  length  of  projection  of  the  bulTere 
beyond  the  extreme  axles.  From  these  can  be  deduced  if  rn(]uired  the  lengths,  or 
loads,  total  or  mean,  belonging  to  each  case. 


Hi.  —  UeGUUTIONS   CONCEBNiNG   THE    LIVE    LOADS   1 
FOR  IRON    BRIDGES. 


BE   TAKEN    INIO   CALCUUnOlt 


After  giving  the  above  summary  of  the  increasing  loads  that  railway  engineer* 
have  thought  fit  to  impose  upon  permanent  way  and  bridges,  we  will  now  procwl 
to  explain  how  and  to  what  exleul  It  has  been  possible  and  should  be  considewi 
expedient  to  cflnslrucl  and  strengthen  iron  bridges  so  as  to  meet  the  present  require- 
ments. We  may  remark  here  that  it  is  impossible  to  reconstruct  the  perniancnl 
way  and  bridges  for  every  new  invention  brought  out  by  locomotive  engineers,  tin' 
sucli  reconstructions  which  are  extremely  costly,  especially  on  lines  of  great  magni- 
tude, can  only  be  performed  from  time  to  time,  after  mature  consideration  of  tl' 
circumstances  necessitating  them.     It  ought  to  be  considered  whether  the  amouiii 

(')Seetbc  teduiical  joumiUs  :  Ef^ineeringaiid  Engineer,  ftir  18<i4»id  1893;  the  pBrtiouiKi 
\pvKn  are  o(len  ituufflcienC. 

(*)  See,  (or  Atnerican  engines,  the  twn  wrjrks  : 

1°  DUTS  and  BiiHRiBa,  Die  Nordamerikaniscken  Bisenbahn«n  (particularl;  p.  36).  ^iM- 
Wi-?sbndeii.  1^^92, 

2"  H,  vox  l.iTTnnw,  -  lliibemcht  dir  in  Ciiicago  1893  aiisgcslcllteu  LocomotiTOB  •lOr^f" 
den  F.  der  E..  1804,  XXXI.  Rd.,  5.  HntI).  This  eii'ellent  Kmnmnry  fiirnisli«l  nt  wilb  it^ 
dimensions  uiid  woighls  given  iti  our  table  iii  metrical  meiMuremenls. 
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npilal  invested~ia  Uie  permatienl  way  and  the  bridges  is  cuinpeusaled  for  by  the 
nefite  obliiined  ii:s  ivganls  the  locomotive  depjirtment.  We  do  not  think  thai  ihis 
s  ever  bt^en  seriously  considered  owing  to  the  complete  separation  which  exists 
tvreea  the  different  deparlinents  almost  everywhere.  At  any  rate,  within  the 
irtions  to  be  reconstructed  locomotive  engineers  and  permanent  way  engineers 
ould  combine  to  avoid  all  excessive  strains.  This  is  what  the  writer  endeavoured 
bring  before  the  Coiigress.  during  the  lirst  session  of  1889,  when  the  majority 
meinbers  were  not  willing  that  this  ticklish  iiuestioD  should  be  raised.  It  was  itot 
lUI  fresh  accidents  had  happened  to  liridges  overstrained  beyond  measure,  and 
6  question  was  taken  up  by  the  public,  the  directors,  and  governments  that  an 
iderstanding  was  arrived  at  between  the  two  departments  in  the  principal  coun- 
ies  of  both  worlds;  and  at  the  fourth  st'ssion  at  St.  Petersburg  in  1892,  the 
ritcr  had  the  satisfaction  of  obtaining  from  the  Congross  an  affirmative  vole  at  any 
;tc  partially  solving  this  important  question,  a  vote  to  which  we  will  refer  again 
,tvr,  in  order  to  state  it  more  accurately  and  expand  it  if  necessary  so  as  to  take 
jpunt  the  circumstances  ol  the  present  day. 


I^jtuipui 


1 .  —  Itcgulalions  its  lo  loads  prevwusty  publiihed. 


When  we  have  to  draw  up  regulations  as  to  loads  on  railway  bridges,  wc  must 
St  ascertain  what  is  the  weight  of  the  heaviest  rolling  stock  and  what  is  the  Com- 
sition  of  the  most  unfavourable  trains  lo  be  provided  agaimt.  The  loads  to  be 
owed  being  once  fixed  and  all  the  bridges  being  calculated  accordingly,  the  nui- 
kg  of  heavy  trains  should  be  compulsorily  restricted  within  the  limits  corres- 
riding  to  the  hypotheses  assumed  at  first,  as,  jf  these  limits  are  exceeded,  the 
>«lges  in  service  might  be  subjected  lo  unforeseen  strains. 

'  n  the  regulations  issued  formerly,  these  two  sides  of  the  question  were  unfor- 
kately  not  always  Uiken  into  account  and  the  history  of  the  constructinn  of  bridges, 
^11  countries  and  under  all  governments,  shows  that  if  governments  and  direc- 
%  of  great  railway  Companies  have  been  led  to  adopt  more  solid  structures  and 
i-cter  regulations,  they  have  been  iaHuenced  rather  by  accidents  that  have  reidly 
"~»pened  than  by  scientifi*;  deductions. 

1  n  England,  qui'Stions  of  this  naluri',  which  were  suggi'Stcil  by  lh>'  iirijHirliuii 
^Ige-work  cxi'culed  by  Stephenson  and  Brunei  from  1847  lo  18.'iU  wen>  at  tirsl 
t-  exclusively  to  the  tah'iit  and  experiencr  of  engineers;  it  was  not  until  aRerthe 
f^  bridge  accident  that  the  Board  of  Trade  in  Julj  iS8I  published  a  kind  of 
'^^■eral  specification  sumewhut  more  detailed  containing  a  artiun  number  of  princi- 


plea  to  be  observed  in  lite  construction  and  management  of  railntads  and  BxiDf; 
riili'S  for  iron  l»ri(if(os  wilhoul  howiivor  laying  down  any  precisi' limit  nf  live  load  I'l 

On  the  ciinlincnl.  Ihf  nwil  for  slating  more  exactly  whal  loads  were  lo  be  assuiiie*. 
in  the  calculations  for  bridgi*s  was  soon  fell ;  the  first  regulations,  however,  show 
plainly  the  very  laudable  object  of  the  Cf>mpiler  lobe  clear  and  brief.     Tbew»igbliir^ 
the  locomotives  was  simply  estimated  per  metre,  of  the  total  length,  choosing  ih^K^ 

heaviest  amongst  lliosi'  in  use  at  the  lime  and  the  weight  per  metre  thus  oblainv< ^ 

and  considered  as  an  equally  distributed  load,  was  given  as  the  lowest  limit  of  tl : 

live  load  lo  be  allowed  for  in  the  calculations. 

il  was  thus  that  in  Franw  circulars  were  published  by  the  Public  Works  ilepai —  ^■ 
ment,  dated  the  26lh  of  Februiiry  iSSR,  and  Ihe  ISth  of  June  1869  i*i,  fixing  qua.  «r 
insufficient  limits  of  load  fur  short  spaits;  engineers  however  have  had  the  sense  tad 
to  keep  lo  these  limits. 

Tfae  Austrian  regulations  fur  the  construction  of  bridges  published  August  30th  ISTO. 
drawn  up  in  consequence  of  (he  breaking  down  of  a  bridge  over  the  Prutti,  m-a' 
Czernowitu,  which  happened  in  1868,  show  a  genuine  advance  as  regards  n-gulalitm' 
conci>rni[ig  loading;  here  the  bending  moments  produced  by  locumolives  on  sbo- 

(<j  Mifmoraiidum  of  impnrlaiU  rcquiramcntt  sjgnod  ;  Boal'il  I'f  Trade  (miiwiij  Dfpiirliiiii**  *-l 
Jul^.  1881.  Henry  G.  Oalcrafi.     Weread  : 

$  n.  —  T)ic  breukiug  wiiiglit  of  u  cost  iron  bridge  muEt  ticuqual  tu  at  luulS  liniis  thod».~ 
load  +  I'l  limes  tho  live  load.  For  Ijridges  •>(  h-<m  uid  slecl  the  load  imposed  a»isisiing  nt  d< 
aiid  livL'  loiid£  should  not  stnuu  the  niui<.'riul  moiv  [liaii  5  tout;  per  squani  iudi  (787  kiloerams  ] 
square  ceiitiiiioti'ej  in  iliei-tisc  nf  irotiaud  6  l/'2  loos  per  sqiiai«  inch  1 1,034  kilugrants)  iu  tlucr-- 
of  steel. 

g  18.  —  We  shall  take  tor  Hie  live  load,  ia  these  lailculations,  ihu  Leaviosi  1ocoiiioUti.v  iti    »^-^ 
on  rajlways. 

S  19,  —  For  the  construction  nf  bridgi*  of  lai^  span  a  wind  presEure  of  56  lbs  per  sjju&re  tf'*-" 
i£73  kilogranis  per squnriT metre)  must  t>e  taken  into  aa'ount  in  tlie  cnlnulations. 

These  v<-xy  liberal  regulations,  eipresard  in  very  (^cuend  terms,  ni  least  I'ontain  mitliing  "^^ 
cural«aild  might  he-  considered  suffidciit  from  the  English  point  of  view  if  wu  did  not  know  it^'~  i 
what  indifl<!i'Qiico  iitilwaj  adminislntlions  often  treat  questions  relnting  to  («liiiilati<itis»fri!siw 
Tlu'  new  regulations  published  by  the  Bonrd  ofTmde  tii.\ugust  It^  wcri?  hesidps  quite  as  lili 
anil  do  not  stipiUal«  foi*  anyching  csaet  as  to  live  loads. 

(*j  These  circulars  iiro  quiic  insuflident  fur  briitgci.  of  less  rlian  4fi'3"  (lo  mclns)  span, 
them  the  regulations  for  the  lost  luad  were  pn'scribed  as  follows : 

1°  A  dead  load  ufubout  1  1,9  l-iu  |K'r  font  ruti  ^5.000  kilograms  p<!r  metro)  of  tmrk  fort 
up  to  SO  mi'tres,  and  of  atymt  1  Ij.!  toti  p<'r  foot  run  (4.tM)0  kilograms  per  inetn>)  li>r  U 
spans,  tills  load  to  rciD&in  in  position  for  eight  hours ; 

2"  A  live  load  eonsbiiug  of  at  least  rwo  lucomutives  weighing  witlt  iJwir  lender  60  tons 
and  of  londed  trucks  Wi-Ughiiig  13  tuns  ottdi  suffident  in  number  to  a 
tbcr  speed  being  from  19  1,2  to  Smiles  ^'9(1  to  35  kilometres)  an  hour. 


X  the  whole  ul  tlw  q 
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1  bridges  are  taken  into  account,  and  the  moving  load,  then  fixed  by  meajis  of  a 
le  scale,  would  be  almost  sufficient  even  at  the  present  day  for  spans  not  excee- 
;  49'3"  (13  mclT.18)  {"). 

ie  French  circular  of  the  9th  of  July  1877,  which  was  still  in  force  up  to 
ust  1891,  also  contiiins  one  scale  only  for  moving  loads  (*),  this  is  calculated 

At  that  time  cquii-alewt  loads  were  not  taken  into  account  bo  much  as  regards  shearing 
ns.  We  must  not  forget  that  our  first  calculations  of  resistance  of  any  accuracy  based  on  the 
7  nf  bending  moments  only  date  froml8G0.  Naricr  and  Bresee  disregarded  shearing  strains 
leclarcd,  with  reference  no  doubt  to  plate-girders,  that  there  wss  no  need  to  take  them  into 
int.  Side  by  ^dc  with  this  we  quote  the  proposals  of  the  Association  of  Austrian  engineers 
architects,  presented  to  the  Commerce  Department  before  the  publication  of  the  regutations. 


Com|japative  table  of  Ihe  loads  proposed  and  prescribed 

in  1870 

HOTINO  lAAD. 

BF»K. 

yoTino  I.OAD. 
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HOTIMO    LO«D.                 y 
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asfoclatlon. 
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soih  Aug.  itno 

30U,  AuB.  1S70 

» 
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30ihAug.lB7I 
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I-. 

T-. 
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T-. 

ft-. 

».  r. 

T-. 

Tm. 

5' 

5i 

MO 
1T3 

130 

M-0' 
ITS 

lO-S" 
.Km.) 

no 

8  3 

6-7 

(60  m.) 

50 
*-6 

4-0 

r"""-  .„,„,ll 

mavbe  seenby  comparing  with  the  loads  of  scale  A  of  the  Austrian  regulations  of  ISthSept- 
T  1^87,  it  is  to*  be  regretted  that  the  proposals  of  the  Association  were  not  adopted  in  1869; 
were  well  suited  to  a  train  of  two  -  Semmcring  >■  locomotives  of  56  t<ms  each  and  loaded 
:s  of  15.0  tons  each ;  it  would  have  enabled  the  dimensions  of  many  bridges  with  spans  of 
I  197  feet  (20  to  60  metres)  to  be  calculated  much  better  than  has  been  done. 
This  scale  may  be  compared  with  that  of  the  Austi  iaii  regulation  of  1870  as  toUowE  : 


.     Gomparalive  Table  of  loads  prescribed  in 

in  France  and  in  Austria. 

1877  and 
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i™ 
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»-, 
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wo 

HI 

16*  S" 
(l"nj.-,> 

T3 

'"■" 

fO 

'£;'■ 

3-g 

4-0 
4-0 

•    (irnipkLcd  fur  i.fi  a\le  loud  of  la  Won, 

le  French  circular  is  really  much  more  rigorous  than  the  regulations  of  1870,  ns  the  internal 
tt  on  the  iron  is  limited  in'  it  to  8.535  lbs  per  square  inch  (600  kilograms  per  square  ceiiti- 
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accordyig  in  fhe  bniuMnK  strains  proiliici'il  al  Ihc  middip  of  the  bridge,  by  tmins 
(Iniwn  by  a  singlo  ioCDiiiotivp  wilh  four  axk'B,  weighing  with  its  tender  72  tons  or 
by  Iwo  locomolives  wilh  three  axles  weighing  with  tlieir  tender  fiO  ions  each.     The 
slmitis  produced  by  these  loads  arn  at  certnin  points  of  the  bridge,  considombly 
below  those  corri'Sponding  to  the  engines  wilh  4  axles  in  service  at  the  preftent  day ;      ; 
the  adoption  of  a  single  scale  of  loads  deEermined  by  the  consideration  of  the   — 
bending  strains  {stniiuB  on  the  boomsi  leads  moreover  of  necessity  lo  quite  incorrect  m^ 
results  in  calculating'  llie  shefring  stmins  fstrains  on  Ihe  web-bracingi  {'l. 

The  French  circular  of  1877  amlains  a  regulation  which  although  Jncompleti 
constitutes  an  important  innovation  ;  Article  V  (A)  forbids  the  employment,  withou 
the  previous  sanction  of  the  Minister  of  Public  Works,  of  engines  weighing  more  thai 
72  tons.  These  prohibitive  rules  may  be  considereil  as  the  indispensable  comple; 
luent  of  all  regulations  as  to  loads,  for  they  alone  can  pre^TOt  them  from  b4M;omiai 
illusory. 

The  Russian  circular  of  the  Bth  (17)  of  January  1884.  N"  60,  publishi 
«  Journal  of  the  Ministry  for  ways  and  mads  of  the  lOlh  of  Febrnar\'  i88i,  addressG^^^ 

metre),  whcroos  ihe  regulations  allowed  a  limit  of  11,378  lbs  per  square  iiieU  (SOOkilognump— ^^* 
Bqunre  ceutimelro). 

(<)  Id  his  wurk  publisluid  in  1880  {EitenbahuKsirn  in  Frankrrieh,  Viennn,  C.  GfTold's  SnhJ  j^Ii' 
rirculwed  amongst  ihempmbew  of  GongreaB  tSW>,  ihe  wril«T  disousEiiipr  tp-81  to  99)  ihis  circula^^**'"- 
diowod,  bv  menus  uf  ciacC  calculaUou.  the  luvesBitf  of  adupUnfc  (or  all  n^lationt  o(  this  kin.^^^' 
twn  distiaot  BPftlea  of  loads.  The  loads  then  proposed  (p.  94  and  97,  and  pi.  V)  wore  Riifflrin^^^"' 
tura  train  conaisting  of  three  Iwnmotivos  [n"  1021  In  1040)  of  the  Soulhcni  Compjuij  of  Frajw;^^^;^'- 
each  weighing  lA  tons  wilh  its  tojider.  mid  of  a  tiaiu  of  trucks  wdghiiifc  15.4  fons  each. 

(10) 


Table  representing  the  Inads  proposed  by  the  writer  in  1880. 
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The  Austrian  regulations  of  the  loLli  of  Soptember  1887  assumed  tjiesc  liguivs  without  v^^^ 
nodiflntuioa  for  larp^  spans,  And  lipun.'s  rnilier  nliovc  di<«o  (or  >^Uurter  spiiiis.  bo  as  u>  take  ii»  '" 
account  tlu>  Arlt>er|i  loivimn(iv«B. 
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to  inspectors,  directors  and  managnra  of  railways  »  concerning  «  the  technical  con- 
ditions to  be  observed  in  iron  structures  for  railway  bridges  »,  conbiins  the  most 
comj)/ete  regulations  about  live  loads,  amongst  all  similar  rules  previously  published. 
In  it  are  fixed  the  equivalent  loads,  for  the  bending  and  shearing  strains,  for  those 
parts  ofthebridge  near  the  supports  and  for  those  near  the  middle  of  the  span,  with 
directions  to  proceed  by  interpolation  for  the  intermediate  parts  of  the  bridge  ('). 

We  ought,  on  the  other  hand,  as  for  all  the  preceding  regulations  of  loading,  to 
make  all  the  necessary  interpolations  as  regards  the  span  of  the  bridge,  when  it 
comes  between  twO  spans  of  the  prescribed  scale.  The  resulting  complication  of 
the  practical  application  of  these  carefully  studied  regulations  causes  their  scientific 
value  to  be  foi^tten,  for  constructors  generally  prefer  to  make  their  calculations 
directly  by  means  of  equivalent  train  loads  which  are  also  indicated  by  the  Russian 

(<)  The  Russian  engineers  chose  the  rolling  lo&ds  exactly  as  the  writer  had  done  in  1880  (p.  95 
ol  Si'f^ahmoeimi  in  Frankreieh).  defining  them  U  Ourtbelattunffttuff  and  ^reb*i^laitunff$- 
tuff  vhlch  we  will  translata  as  bendinff  trtdn  and  thtarinf  train,  each  consisting  of  three  locom- 
otives with  four  axles  coupled,  their  tenders  and  a  train  ot  trucks. 


(11). 


Gomparalive  table  of  loads  prescribed  in  Russia  according  to  three  scales. 
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The  first  two  cnlunuu  of  loads  correspond  within  a  little  to  scales  ft  and  b  of  the  Anatrian 
regulations  ot  1887,  We  must  besides  mention  particularly  that  the  scales  of  moving  loads 
quoted  here  and  previously  should  in  no  wise  be  considered  as  reproducing  the  actual  figures 
of  the  original  documents,  but  rather  as  giving  the  poljgon&l  contours  which,  when  formed  with 
the  abscisses  of  entr;  of  the  Austrian  regulations,  best  replace  the  simUar  contours  which  are 
obtained  as  graphic  expressions  of  the  regulations  quoted;  we  can  thus  easily  compare  (hem  with 
the  scales  a  and  b  precoribed  in  Austria. 


Heavy  locomotives  (and  lenders}  in  Europe  about  1894. 
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sible  for  one  span,  it  is  not  necessarily  proved  for  another;  if  it  is  proved  for  the 
booms,  it  is  not  for  the  web-bracing,  lastly  even  —  to  follovir  the  Russian  engineers 
—  a  given  train  that  would  be  equivalent  to  the  typical  train  for  the  boom  or  web- 
bracing  of  one  single  panel  in  a  bay,  would  not  perhaps  be  so  for  those  of  the 
next  panels  and  so  on. 

When  carrying  out  in  figures  all  these  researches  and  comparisons,  we  must  con- 
tinually go  back  and  examine  afresh,  for  each  detail  of  construction  of  each  bridge, 
what  is  the  most  disadvantageous  position  of  each  of  the  trains  to  be  compared,  etc. 

These  insurmountable  difficulties  and  objections  incurred  by  the  application  of 
the  system  of  typical  trains  have  led  for  the  Austrian  Regulations  of  the  ISth  Septem- 
ber 1887  as  well  as  for  all  previous  regulations  or  circulars,  to  the  adoption  of  the 
system  of  presaiptions  by  equivalent  loads  uniformly  distributed;  thus  we  have,  once 
for  all,  to  make  a  minute  study  of  the  bending  and  shearing  strains  resulting  in  all 
possible  cases  of  the  running  of  rolling  stock. 

The  conception  of  loads  uniformly  distributed  furnishes  the  simplest  method  of 
estimating  moving  loads.  If  we  wish,  for  instance,  to  compare  the  effects  of  two 
trains  on  any  detail  of  construction,  we  have  only  to  set  down  the  equivalent  loads 
per  metre  in  order  to  obtain  at  once  a  clear  result  for  the  whole,  from  which  we  can 
at  once  deduce  if  necessary  the  excess  of  load  estimated  in  hundredths. 

3.  —  General  remarks  on  the  loads  prescribed  in  Austria. 

After  very  close  study  of  the  subject,  the  Austrian  regulations  of  loads  have  been 
able  to  be  set  forth  in  the  very  simple  form  of  two  scales  of  moving  loads  each  con- 
taining 12  numbers.  The  typical  train,  considered  at  first,  consists  of  three  loco- 
motives with  four  axles  with  their  tenders  and  the  required  number  of  trucks,  as 
indicated  in  §  3,  df,  of  th^e  regulations.  The  scales  of  load  obtained  by  means  of 
this  train  (')  were  slightly  modified  afterwards;  they  had  to  be  adapted  to  other 
requirements  for  small  spans,  and  their  indications  had  to  be  moderated  for  large 
ones.  The  system  of  specifying  by  equivalent  uniform  loads  facilitated  corrections 
of  this  kind.  Ry  extending  these  calculations  to  all  the  sections  of  the  bridges  under 
consideration,  not  only  was  scale  a  for  the  booms  (<)  considerably  improved  to 

(*)  That  is,  the  two  polygons  obtained  with  the  «  bending  train  «*  and  the  «  shearing  train  *• 
derived  from  it. 

(-)  The  apices  of  the  polygon  recorded  in  the  scales  have  their  coordinates  expressed  in  round 
numbers,  and  the  rectilinear  sides  with  simple  inclinations  being  also  expressed  in  round  numbers. 
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tinto  tletai)  liere  iis  to  llie  manner  in  wliicli  Ihi?.  question  has  bwn  completely 
re^^laled  ill  Austria. 


^Wh( 


The  ea-act  delinitioii  of  the  equivaUiil  uni/orfii  loailx  for 
strurture. 


I  ijivm  pari  of  the 


Tiea  we  have  to  determine  the  dimension!;  of  any  particular  pari  of  a  bridge,  in 
view  or  a  given  load,  we  must  ascertain  which,  amongst  all  possible  positions  of 
tlie  train,  imposes  on  the  part  considered,  the  greatest  possible  strain.  We  then 
designate  as  equivalent  uniform  load  (or  load  uniformly  fltstributedl  that  which,  as 
compared  with  the  rolling  loud,  covers  about  ibc  same  length  of  the  track  and 
produces  the  same  strain  in  the  part  considered. 

However,  as  thf  load  uniformly  distributed,  which  covers  a  part  of  the  bridgo, 
may  vary  in  extent  and  in  value  per  square  metre  or  running  metre,  it  seems  to 
follow  that  for  every  train  we  should  substitute  a  number  of  equivalent  uniform 
loads  answering  to  the  definition  given.  It  has  been  decided  to  limit  the  extent  of 
the  uniform  load  to  all  those  parts  of  the  section  of  the  track  covered,  where  it  has 
the  effect  of  increasing  the  strain  borne  by  the  part  considered.  In  this  way,  for 
each  bridge  and  each  part  of  a  bridge  that  part  of  the  track  on  which  llic  load  is  to 
be  imposed  is  so  to  say.  fixed  beforehand,  according  to  the  system  of  construction 
adopted,  and  the  defimlion  given  of  the  ci/uivalent  toad  only  concerns  the  load  per 
stjuare  metre  or  per  rutmhtg  metre  taken  into  consider atioit. 

We  know,  for  instunce,  that  for  a  bridge  with  independent  spans  with  plate- 
tiirders,  we  determine  the  dimensions  of  Ihe  chords  by  supposing  thai  the  load 
extends  all  over  the  span,  thai  for  a  similar  arched  bridge  on  the  contrary,  it  must 
be  supposed  that  only  one  or  two  parts  of  the  span  are  subjected  to  the  load,  accord- 
ing to  the  porlion  of  the  chords  considered  ('}.  !n  the  same  way,  for  the  bridges 
ihat  we  have  just  mentioned,  the  solid  web  or  a  close  lattice-work  instead  may  be 
determined  by  supposing  that  the  loail  covers  a  part  of  the  bridge  known 
beforehand. 

Even  in  the  case  of  our  modern  structures  with  open  lattice-work  or  trusses, 
which  are  calculated,  as  we  know,  according  to  the  theory  of  jointed  systems,  i.  o. 
supposing  that  all  the  weights  and  loads  are  concentrated  in  the  joints  or  apices, 
the  idea  oj  equivalent  uniform  loads  can  always  be  very  clearly  ascertained;  it  is 


(■)  See  ii.  Aihaiet't  theory  [Annates  dfs  paiili 
1870,  p.  463  to  573  for  rigid  apandnils). 
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suflicionl  lo  assunk'  llial  each  joint  lukcs  all  llie  loads  from  centre  lo  cenlro  of  tlie 
ndjacont  panels,  and  moreover  to  consider  each  part  of  the  stnicture  in  connection 
will]  the  joints  kiio»n  hefornUnml  as  being  loaded  or  at  Iho  lenlrcs  oT  the  panels 
which  should  aa'ordingly  rorni  the  Itmitis  orilieunirorm  equivalent  loud.  Consc- 
qucDtly  when  it  is  required  lo  determine  the  dimeusiims  iifanji  part  of  the  slriictun' 
in  view  of  a  train  of  a  given  load  or  n/  the  umform  equivalnit  load  In  be  ansumed  for 
calculations,  it  mnul  be  clearly  understood  that  the  extent  of  the  part  of  the  track  on 
which  the  load  is  to  be  imposed  is  dclermined  beforehand  by  the  system  of  cotistruc- 
tiim  adopted,  wliereas  the  equivalent  load  per  metre  is  really  the  unknown  tfuantity 
depending  siilclg  on  the  train  thai  it  has  lo  replace. 

This  load,  ^^hich  we  will  call  p  in  this  explanation  (pi?r  rtinning  metre  of  the 
trackj  is  generally  designated,  in  ordinary  technical  language,  as  the  equivalent  load 
to  be  found;  this  is  all  the  more  customary  as  for  the  types  of  bridges  most  used 
with  independent  or  continuous  girders,  the  extent  of  the  uniform  loads  to  be 
assimiod  is  in  each  case  determined  by  simple  well-known  rules,  which  at  the 
coroniencemont  render  unnecfissary  any  subsequent  researches. 

For  parts  that  may  be  alternately  in  tension  and  compression,  we  have  a  unifurm 
equivale^it  load  for  the  tension  and  a  uniform  equivalent  load  for  tlie  compression ; 
tlieseare,  in  allpossible  cases,  two  complcmeiilarg  loads,  which  together,  would  cover 
the  whole  section  of  the  bridge  floor.  The  Iwo  values  of  the  two  si'parale  loads 
per  metre  are  not  however  equal  as  a  rule. 

S.  —  Equivalent  load  in  reyard  to  bending  moments  and  to  sharing  slraim. 

We  are  accustomed,  in  the  practical  calculations  of  bridges  to  colloct  all  llie 
external  forces  acting  upon  a  section  of  (he  bridge  (including  the  reactions  of  the 
supports)  into  a  single  couple  representing  the  bending  moment  anrl  a  single  force 
representing  the  shearing  strain.  These  resulting  forces  being  supposed  to  be 
applied  to  Ihe  secUon,  can  be  substituted  for  the  sum  total  of  the  reactions  exer- 
cised on  one  of  the  two  parts  of  the  structures  by  the  other  part,  looked  upon  as 
suppressed. 

For  bridges  free  at  the  ends  ('}  [with  girders  resting  on  the  supports)  Ihe  bending 

(')  For  all  siructurr^  free  at  the  ends  or  girdRrs  I'catiiip  froelv  oil  two  support*,  tlie  shearing 
(on«  acts  verticallr,  For  arched  bridges,  on  the  other  hand,  the  single  force  roplaring  it  toka 
n  special  dii-Mtion  tor  esich  sertion,  so  that  each  of  these  strains  is  resolved  into  a  (ore*  normal  to 
IhcsccCion  [eoinpK«sive  strain)  and  a  tnrce  nuiinal  lo  Lhr  arch.  i.  c.  withstood  1)V  liie  voclinn 
(shearing  sti'ain  proporly  so-calleilp. 
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moments  are  used  for  the  calculation  of  the  chords  and  the  shearing  strains  for  that 
of  the  web-bracing.  In  such  a  case,  the  equivalent  loads  for  a  part  of  the  chord  or 
a  diagonal  are  confused  with  those  that  give  the  corresponding  bending  moment  or 
shearing  strain  and  we  say,  unifoim  equivalent  load  as  to  betiding  moment  or 
sliearing  strain  for  we  are  always  brought  back  to  these  two  static  quantities  in  all 
researches  of  this  kind. 

The  equivalent  loads  in  regard  to  the  bending  moments  or  to  shearing  strains 
have  really  a  special  value  for  each  part  of  the  chord  or  web-bracing;  it  had  however 
previously  been  the  custom  amongst  engineers  to  accept  for  the  calculation  of  the 
entire  chords  the  equivalent  load  for  the  bending  strains  at  the  middle  of  the  span,  and 
for  the  calculation  of  all  the  web-bracing,  the  equivalent  load  for  the  shearing  strain 
near  a  support  (}).  In  the  Austrian  regulations,  the  loads  have  been  so  well  deter- 
mined as  to  bending  strains  that  they  adopt  themselves  in  the  best  possible  manner 
to  strain^  of  all  sections,  and  the  loads  for  shearing  strains,  so  that  they  adapt 
themselves  perfectly  theoretically  to  all  shearing  strains.  We  however  expressly 
remark  here  that  all  calculations  past  and  present,  made  in  oi^der  to  determine  the 
uniform  equivalent  loads  i^eplcunng  a  train  of  a  given  load  only  relate  to  bridges  with 
girders  resting  freely  on  two  supports  placed  at  their  extremities  (*j.  But  these  two 
scales  a  and  b  of  the  Austrian  regulations  being  once  established  for  independent 
spans,  it  has  been  easy  to  extend  their  application  to  girders  continued  over  several 
spans,  this  being  an  excellent  mode  of  construction  and  one  very  much  used  in 
both  hemispheres.  We  have  reproduced  these  regulations  as  an  appendix  to  our 
report  {^). 

(')  For  calculating  the  chords  this  custom  has  been  adopted  almost  exclusively.  For  the  calcul- 
ation of  the  web  bracing,  on  the  other  hand,  the  train  load  itself  is  often  used  by  employing  methods 
(often  graphic)  leading  to  a  more  exact  estimate  of  the  strains  to  which  the  bracing  is  subjected. 

(')  See  on  this  subject  the  following  publication  :  Annates  des  ponis  et  chatiss^,  n?  3,  Jan. 
1877,  "Second  note  on  the  calculations  of  stability  of  longitudinal  girders »»,  by  C.-H.  Kleitz, 
13th  May,  1870.  (The  first  note  of  October  15th,  1855,  had  only  appeared  in  manuscript).  The 
writer  only  considers  bending  strains  and  in  conclusion  arrives  at  propositions  in  which  one  can 
hardly  find  a  complete  expression  of  his  very  careful  and  instructive  work. 

(■^)  All  the  details  of  these  calculations  and  the  Austrian  regulations  are  to  be  found  in  the 
works  :  Die  ncue  BriXckenverordnung  des  dsterreichischen  A.  k.  Handelsministcriums .  Vienna, 
1888,  W.  BraumuUer,  and  Ca/ci(/5  rfe*po«/*  W€^(aZ/i^i«€5  A  M;t€  atf/j/ttstewr^/rarcfe*,  Paris,  1889, 
Baiidry  ct  C'°.  These  works  contain  a  number  of  numerical  tables  and  diagrams  facilitating  the 
calculations  in  general,  whatever  loads  are  assumed. 


c.  - 


Tlie  imml  recall  regulaliuns  nn  In  had. 


The  reflations  ;is  to  loiiO  established  since   1887  and  which  at  least  pai 
exceed  in  severity  those  we  have  just  mentioned,  are  as  follows  : 

Frame ,     .  29th  August  1891,  ministerial  circular. 

Switurland 19th  August  1802,  federal  government.  ' 

England August  1892,  Board  of  Trade. 

UuiHjarij Uth  April  1893.  State  Uailwaya. 

It  is  with  regret  that  wo  remark  that  the  fonii  in  which  these  r^iiilalto'ni'l 
drawn  up  is  not  one  which  we  approve;  the  authorities  have  conRned  themselves  to 
assuming  certain  types  of  locomotives  and  heavy  tenders  and  to  stipulating  that  all 
calculations  of  resistance  should  be  deduced  from  them.  Also  it  must  be  observed 
that  the  Board  of  Trade  does  not  mention  any  particular  types  but  leaves  it  to  each 
Administration  to  choose  thcui  under  the  most  unfavourable  conditions,  so  Iha^ 
theoretically  at  least  this  very  open  regulation  can  always  be  made  to  suit, 
following  is  a  description  of  the  typical  trains  for  the  other  three  countries : 

France,  I89i.  —  The  typical  train  consists  of  two  engines  with  four  asles,  their 
lenders  and  loaded  trucks;  the  engines  with  their  tenders  are  both  placed  in  front 
of  the  train.  We  must,  besides  lake  into  ao^iount  the  force  exerted  by  an  inde- 
pendent axle  carrying  20  tons  ('). 

Switzerland,  i89S.  —  The  typical  train  consists  of  three  loconiolives  with  four 
axles  and  their  tenders,  placed  most  unfavourably,  at  the  head  of  Ihe  train,  all  th>- 
trucks  being  coupled  behind. 

For  niain-gtrdiTs  of  small  bridges  with  less  than  49  feel  .S  inches  tiH  metres^ 
span,  and  also  for  the  longitudinal  and  transverse  ginlers,  we  must  increase  tbo 
loads  resulting  from  the  typical  train  by  2  x  (IS  —  /I  p.  c.,  /  representing  tbe 
theoretical  span  of  the  parts  considered. 

Hungary,  iS'j:i. — The  typical  train  consists  of  two  loconiolives  wilh  1  axles  and 
their  tenders  with  trucks  capable  of  being  placed  eilher  in  frunl  or  behind  ami 
representing  an  equivali'iH  uniformly  distribuird  load  of  0,1S  ion  per  fool  pun 

{')  We  uudorbtaiid  that  this  c'>D<l)lian  i-oiiccni«  tiic  maiugiitlorBDf  siukII  l)ri(lg''Ki)Uiloaemui:di 
as  biigituiliiialB  mid  trannverEf  girdei-s  in  ge:ientl.  tTbu  circultLi'  i«Mn»  to  impl;  tfa<:  cutitrarj.) 
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Ans  per  running  metre)  of  track  (i).  We  use,  besides,  the  formula  2  (15  —  /)  p.  c,  as  above. 
e  three  lists  of  regulations  as  to  loads  define  the  typical  trains  by  means  of  diagrams  showing 
lie-loads  and  distances  between  the  axles;  we  represen  these  trains  in  the  following  manner  : 

France  1891.  —  2  locomotives,  2  tenders  and  trucks  behind. 

With  single  axle  of  20  tons. 

I       H     G 


2^3^^.^^ 


Ky<? 
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-^ T T 

8        8         8 


r — T 

12       12 


ir — r— -r~-T 

U      14      14      14 
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12       12 


14      14      14      14 

Britisli   measures. 

^yiOVgxg^  10 i/gxQ- 101/8^9' lOVgx  ir  5  3/4  X  8*28/8x  15*  1  V8xyilV4xyilV4^3'llV4^  15*  1  Ms  xff  t*k  ^l^*l}l9^3'\UU^'Uili<3*\Uliy<Sr»U   > 

Metric   measures. 
:  30  X    3  0  X  3.0  X  3.0  X    3*5    X  «-5  X    4*6    X  M  X  1'2  X  !•«  X    4-6    X    2*5  X    4-6  X  l?  X  !•    X  l**  X  2  6 

Switzerland  1892.  —  3  locomotives,  2  tenders  and  trucks  behind. 

With  2  (15—/)  p.  c.  in  addition. 

K     I     H-gU    F      E       DC    B   A\7 


^r — -r — r — \'  V  T  V 

10    18-6  13-5      15     15    15     15      18-5  13-5       15     15    15     15 


15    15    15    15     18-5  13  5 


British  measures 

•5»/4xllV/4fl'^V4xlV5VH<4^3^'8<4•3l/8x4'3l/|xl4•5V8x9*2V4<14•bl/8^4•3»/8x4'3»/sX4•3^/r<  18*  4  1/,  x4'3l/gx4'3»/gK4^/ixl4'5Vix9't  i/4x5'3     > 

Metric   measures. 
•5X3-6XI-8X  4-4  XI  3X1-3X1-3X4-4  X  t*8  X    4'4    X1-8X1-3X1*8X     5-6      XI  3X1-3X1-3X  4-4  X  «'8  X  1-6 

.   Hungary  1893.  —  2  locomotives,  2  tenders  and  a  uniform  load  of  2.8  tons  per  metre. 

With  2  (15— i)  p.  c.  in  addition. 
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British   measures. 

<   6*68/4x4Mlx4-  llxl3'9«/8x3*Ui/4xyUV4x3niV4^  19^  8  1/4 ^UV«^<3TlV«><311V4xl3'9»/8x4' 11  x4*  llx6*6»/« 

Metric  measures. 
«'0X1-5X1-5X    4  2   X1-«X1-«X1-2X     60      X1*2X1«X1-IX    42    Xl'SXl-SX^-O 

■i  understand  that,  for  shearing  strains,  the  trucks  are  all  supposed  to  be  placed  in  the  rear  of  the  train, 
the  text  which  is  not  very  clear  seems  to  imply  the  contrary.  Moreover,  the  enormous  loads  resulting  from 
^ulations  only  concern  new  bridges. 
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We  must  assume  that  llic  mtUcis  of  the  above  regutalions  have  previously  studietl 
their  inllueuce  on  ihe  calculations  of  resislauce  for  iron  brid(,'es.  Hott'ever,  this 
may  be,  we  have  taken  the  trouble  to  compure  them  with  Ihe  Austrian  regulations, 
at  least  as  regards  the  bending  strains  by  calculating  very  scrupulously  the  equiva- 
lent loads  per  metre  of  track  for  spans  uf  3'3  to  S-30'  (1  to  160  melresi,  it  being 
understood  that  in  each  case  we  place  on  the  middle  of  the  bridge  that  uf  Ihe  axles 
A,  B,  C,  shown  in  the  corresponding  diagram  wliich  gives  the  maximum  (').  We 
have  collected  in  one  table  all  be  results  found,  viz  : 

(1j)  Comparative  lable  of  ilie  loads  jo  per  metre  of  Irack,  representing  as  regards 
bending  strains,  the  prescribed  loads,  caused  by  typical  trains. 
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]n  this  lable  we  must  earefully  distinguish  the  figures  relating  to  short  bridges  of 
leas  than  50  feet  (JS  metres)  span;  for  these,  there  is  an  excess  of  toad  in  the  Swiss 

I  <)  For  the  dolaik  of  tliese  calculatjoiis,  which  are  BoucwhaC  intricate,  consult  the  theory  and 
nwthodB  of  tho  wi'ili'r  in  the  work  :  Catctil»  det  poiils  tmlUiUigueit  rt  ujic  oh  pluxieun  ImMlM, 
p.  3r}.  Paris,  Bnudry,  I8U9.  To  moke  a  Eiuular  oompaiison,  as  ivgards  fihcATing  strain,  wc 
should  I'cquirc  fii'st  lo  elucidate  certain  points  in  the  regulations.  We  doubt  whether  awrj 
bridge  constriictar  has  time  to  make  thes^  researches ;  it  would  be  better  that  those  wlio  draw  up 
the  regulatiuiiE  should  make  tlieni  once  tor  all,  Moreover  on  thi«  sul>]'ecl  weciill  ntteutiontoiba 
typii'ol  calculation  which  ■a-e  give  further  on  as  an  cianiplo  in  an  ap|>cndii  to  diaptci-  ID. 
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and  Hungarian  regulations.  In  the  French  regulations  there  is  an  excess  of  load 
only  for  much  smaller  spans,  in  consideration  of  the  single  axle  of  20  tons.  This 
is  the  object  of  the  considerations  that  particularly  concern  the  maximum  axle-load 
admitted  (in  Austro-Hungary  and  Germany,  14  tons),  we  shall  refer  to  this  again 
later  on. 

As  to  the  loads  prescribed  in  Switzerland  and  Hungary  for  large  spans,  we  can 
but  feel  convinced  that  at  present  they  seem  exaggerated  beyond  measure  for  those 
countries. 

The  loads  prescribed  in  Austria  as  we  have  shown  in  chapter  II  of  our  report,  at 
present  cover  the  strains  imposed  by  all  the  trains  running  in  Germany  and  Austro- 
Hungary.  We  have  found  also  that  the  somewhat  lighter  loads  prescribed  in 
France  are  amply  sufficient  in  that  country  and  the  difference  at  least  as  far  as 
Austria  is  concerned,  is  easily  explained  by  the  comparison  of  the  tenders  which  are 
lighter  in  France.  Another  comparison  made  with  the  loads  prescribed  in  Russia, 
which  were  studied  with  the  greatest  Ciire  (11)  and  which  are  at  the  present  day 
quite  sufficient  to  meet  the  requirements  of  the  rolling  stock  in  use  brings  us  to  the 
same  conclusions. 

To  sum  up,  then,  we  are,  in  principle,  opposed  to  typical  trains;  we  think, 
moreover,  that  when  they  are  used,  we  should  at  any  rate  try  to  keep^  as  far  as 
possible,  to  the  rolling  stock  actually  running  on  the  lines  considered  (*).    Without 

(*)  It  seems  that  in  the  United  States  of  America  no  formal  regulations  have  so  far  been  made 
cither  by  the  Central  Government,  individual  States,  or  the  Railway  Commissioners,  concerning 
the  rolling  loads  to  be  taken  into  consideration  as  standards  for  the  various  railway  lines.  How- 
ever, in  that  country  managers,  consulting  engineers,  and  manufacturers,  have  been  led,  simply 
owing  to  the  enquiries  instituted  when  bridges  have  given  way  under  trains  in  motion,  or  wheH 
similar  disasters  have  occurred,  to  adopt  more  solid  structures.  They  now  find  it  cheaper  in  the 
end  to  enforce  stricter  regulations  on  their  own  account.  We  have  received  the  specifications 
which  the  following  consulting  engineers  intend  to  adopt :  Theodore  Cooper,  New  York,  35,  Broad- 
way, 1890  (new  and  revised  edition).  G.  Bouscaren,  Cincinnati.  0.,  99,  West  4th  Street,  1890 
(second  edition  revised).     J.-A.-L.  Waddell,  Kansas  City,  Mo.,  1893. 

Several  classes  (3  to  7)  of  railway  lines  are  taken  into  account,  and  in  each  case  a  typical  loaded 
train  fonns  the  basis  for  calculation.  This  is  usually  formed  of  two  lOwheeled  engines  (called 
-  consolidation  engines  «  and  of  the  type  9  to  12  in  table  7).  The  four  main  axle  loads  in  some 
typical  trains  of  the  first  class  rise  as  high  as  20  tons,  no  wheel  base  greater  than  5  feet  (1 .52  metre) 
being  taken  into  consideration.  We  think  that,  as  explained  further  on,  it  is  hardly  possible  to 
really  construct  such  engines,  and  in  order  to  show  the  greatest  rolling  loads  that  such  typical 
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wishing  to  dwell  further  on  the  regulations  at  present  in  force,  we  propose 
to  try  to  reconcile  the  interests  of  all  our  railway  colleagues,  by  submitting  to  the 
Congress  a  system  of  loads  representing  all  the  engines  quoted  in  chapter  II. 

7.  —  Project  for  international  regulations  to  be  submitted  to  the  Congress. 

In  order  to  render  our  proposition  both  comprehensible  and  acceptable,  we 
present  it  at  first  in  the  form  of  typical  vehicles,  giving  afterwards  the  scales  a 
and  b  of  uniform  loads  per  metre  of  the  track,  for  c<dcuIations. 

If  we  study  generally  all  the  trains,  we  may  state  that  the  carriages  and  trucks 
composing  them  have  only  a  secondary  influence  on  the  majority  of  bridges,  an 
influence  which  is  only  taken  into  consideration  for  spans  of  more  than  131  feet 
(40  metres),  since  the  total  length  of  two  locomotives  with  their  tenders,  whicli 
constitute  the  essential  basis  of  all  typical  trains,  is  already  more  than  98  feet 
i30  metres).  Calculation  shows  that  we  can  take  carriages  and  trucks  into  con- 
sideration with  all  the  accuracy  desirable  by  representing  them  as  a  load  uni- 
formly distributed  behind  the  locomotives  and  tenders  as  in  the  Hungarian  regula- 
tions (1). 

Now  the  usual  trucks  of  16  tons,  which  are  about  23  feet  (7  metres)  long,  repre- 
sent a  load  of  0*70  ton  per  feet  2*3  tons  per  running  metre)  of  track.  We  may  say 
that  the  great  majorily  of  carriages  and  trucks  come  williin  this  limit.     We  have 

traiii>  <'«'uM  provide,  we  u-ivt^  tlic  follnwinL:'  tabular  ctuiipai-ison  ])otwo<Mi  the  above  moiitioii»'<l 
ro<;-ulati«>ns  and  those  ju'njioscd  by  us  as  uiveu  fartlior  on  : 
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(1    This  is  what  the  writer  proposed. in  188S  and  1889.  page  121,  of  his  work  :  »•  Calcnh  (lt\s 
jtoiits  }i\etaUiq\(cs.  r, 
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next  to  consider  the  reservoir-vans  for  molasses  or  petroleum  which  have  led 
engineers  to  establish  the  higher  limit  of  0*85  ton  per  feet  (2*8  tons  per  running 
metre).  This  constitutes  in  Austro-Hungarj^  a  maximum  in  a  certain  sense,  for 
heavier  trucks  cannot  be  placed  directly  after  the  engines  and  tenders.  Lastly  on 
certain  main  lines  exceptionally  heavy  waggons  are  being  used  for  conveying  coal, 
stone,  limestone,  etc.;  and  for  these  a  load  of  about  1  ton  per  feet  (3-3  tons  per  metre) 
has  been  arrived  at.  These  waggons  are  excluded  from  a  large  number  of  lines; 
they  constitute  a  load  that  has  not  as  yet  been  exceeded.  In  Austria,  for  instance, 
any  transport  proposed  beyond  this  limit  is  subjected  to  a  special  inquiry  concern- 
ing the  permanent  way  and  the  bridges.  We  must  remark  that  the  limits  we  quote 
comprise  all  the  vehicles  often  mentioned  such  as  the  American  trucks  of  30  tons 
and  others  which,  on  account  of  their  length  are  less  to  be  feared.  We  may  also 
say  that  the  carriages  in  general  use  never  exceed  the  limit  of  0'7  ton  per  feet 
2  3  tons  per  metre)  and  that  the  exceptional  carriages  de  luxe  in  both  worlds, 
including  the  kitchens,  the  accumulators  for  electric  lighting,  etc.,  never  attain  the 
limit  of  0*85  ton  per  foot  (2*8  tons  per  metre). 

We  have  then  three  types  of  heavy  trucks  weighing  1  ton  (3*3),  085  ton  (2*8)  and 
0*70  ton  per  foot  run  (2-3  tons  per  metre).  We  will  represent  them  by  trucks  with 
2  axles  weighing  24,  20  and  16  tons  and  measuring  23  feet  11  iji  inches  (7-3  metre), 
23  feet  7  1/2  inches  (7*2  metre)  and  22  feet  11  1/2  inches  (7*0  metre)  metres  respec- 
tively.    For  the  sake  of  convenience,  we  will  call  these  trucks  W,,  W'g  and  W,. 

To  come  now  to  typical  load  trains  representing  the  whole  of  the  trains  running, 
according  to  the  facts  supplied  to  us  and  which  we  have  summed  up  in  chapter  II, 
as  far  as  the  principal  international  lines  are  concerned  (^),  we  have  thought  it  best 
to  distinguish  two  cases,  or  more  correctly  two  groups  of  railways. 

The  first  group  comprises  the  main  arteries  of  circulation  in  the  United  States  of 
America,  where  the  exceptionally  heavy  rolling  stock  that  we  have  mentioned  is 
used;  it  also  includes  a  certain  number  of  main  lines  in  the  Old  World,  where  the 
tratlic  is  quite  as  great,  where  the  permanent  way  is  even  rather  stronger  than  in 
America,  but  where  the  rolling  stock  is  not  as  yet  so  fully  developed.  W^e  must 
assume  that  what  has  been  realised  in  America  will  soon  be  done  here.  Already, 
in  England,  the  axle  load  of  express  engines  amounts  to  18  and  19  tons;  in  America 
it  amounts  to  20  tons  for  the  ordinary  locomotives  with  2  axles  coupled  for  express 

(')  We  evidently  cannot  liere  discuss  branch  lines  or  local  lines  which  in  each  country  arc 
subject  to  special  regulations. 
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trains.  But  express  engines  have  now  been  constructed  with  3  axles  coupled ;  these 
are  types  6,  7,  8  of  our  table  (7)  which  have  now  become  general  in  America.  Their 
axle  load  now  amounts  to  nearly  17  tons,  but  the  history  of  the  development  of  the 
locomotive  summed  up  aboye  obliges  us  to  provide  for  an  axle-load  amounting  to 
20  tons  (1).  The  tenders  for  such  trains  must  be  made  accordingly.  They  are  gene- 
rally made  with  4  axles  in  America  and  weigh  up  to  40  tons,  rarely  more. 

The  second  group  comprises  all  the  principal  international  lines  that  have  not 
reached  this  stage  of  developement  and  on  which  such  loads  will  not  be  allowed  for 
a  long  time.  We  think  we  may  say  that  the  great  majority  of  railways  in  the  Old 
World  and  a  considerable  number  of  those  in  the  New  will  remain  in  this  second 
group,  so  that  the  limits  as  to  load  that  we  assign  to  it,  as  summing  up  the  actual 
requirements  of  the  present  traffic,  are  of  more  special  interest  to  us. 

For  the  sake  of  clearness  we  shall  designate  as  extra  heavy  trairis  those  of  the  first 
group,  and  as  heavy  trains  those  of  the  second.  For  each  of  these  groups,  it  is 
absolutely  impossible  (*)  to  represent  the  effects  of  strains  caused  by  all  the  trains  in 
circulation  by  a  single  typical  train ;  we  must  at  least  have  two  trains  which  will  of 
course  be  the  fastest  passenger  train  and  the  heaviest  goods  train,  thus  representing 
to  a  certain  extent  the  two  extremes  of  the  traffic.  We  thus  arrive  at  four  typical 
trains  which  together  give  the  strains  required  : 


(')  This  limit  once  being  admitted  by  locomotive  engineers,  it  Avill  become  general  and  tht» 
construction  with  three  axles  coupled  constituted  only  a  temporary  solution  of  the  problem.  At 
least  this  is  what  we  have  learnt  from  the  history  of  engines  with  two  axles  coupled. 

(*)  We  demonstrate  this  in  our  graphic  table,  pi.  I;  this  shows  more  generally  all  the  incon- 
veniences of  regulations  by  typical  trains,  and  the  advantages  of  regulations  by  loads  uniformly 
distributed. 
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[16), 


P^  Group  :  Extra-heavy  typical  trains. 
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(17) 2'"'  Group  :  Heavy  typical  trains. 
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It  was  only  after  a  careful  study  of  all  the  rolling  stock  quoted  in  chapter  II  and 
after  ver\'  laborious  calculations  made  for  the  purpose  of  finding  well  graduated 
vehicles,  w  hich  should  satisfy  the  requirements  of  the  rolling  stock  at  present  in  use 
and  of  the  regulations  in  force,  that  we  were  in  a  position  to  submit  these  types  to 
the  Congress,  We  submit  :  4  typical  locomotives  :  Li,  U,  L,,  L4,  weighing  76,  68, 
60  and  56  tons  and  typical  tenders  T^,  T,,  T3,  T^,  weighing  42,  39,  36  and  30  tons 
respectively. 

The  type  Lj  is  derived  from  the  American  locomotives,  La  combines  in  itself  the 
American  engines  n**'  9  and  12  of  our  table  (7)  and  the  typical  locomotives  of  the  Swiss 
regulations.  Lg  and  L4  represent  types  well-known  in  both  hemispheres.  L4,  more- 
over, is  directly  in  accordance  with  the  French  and  Austrian  regulations  and  also 
with  the  vote  sanctioned  by  the  Congress  during  the  fourth  session  at  St-Peters- 
burg|i)in  1892  (). 

As  regards  tenders,  the  distances  between  the  axles  and  the  axle-loads  allowed 
have  only  an  indirect  influence  on  the  strain  exercised  by  the  whole  train,  for  in 
this  respect  the  locomotives  outdo  the  tenders  so  that,  with  the  latter,  it  is  mainly 
the  weight  per  metre  of  track  that  is  taken  into  account.  In  Europe  w^e  had  mainly 
to  consider  tenders  with  two  and  three  axles  which,  for  the  heavy  trains  of  the 
second  group  weigh  27  and  36  tons  or  24  and  30  tons  according  to  whether  we  are 
considering  express  trains  or  goods  trains.  As  to  the  tenders  of  the  extia  heavy 
trains  of  the  first  group,  they  are  not  so  well  defined;  they  have  3  axles  in  Europe, 
4  in  America.  Their  weight  always  exceeds  36  tons,  rarely  40;  we  have  admitted 
types  of  42  and  39  tons  according  to  whether  we  were  dealing  with  express  trains 
or  goods  trains.  Lastly,  in  order  to  have  a  set  of  well  graduated  typical  tenders, 
we  have  supposed  them  all  to  be  constructed  with  3  axles,  leaving  out  those  that 
weigh  less  than  30  tons.  As  regards  the  carriages  and  trucks,  it  will  be  seen  that 
we  use  the  types  W,  and  Wi  for  the  extra  lieavy  trains  and  the  types  W,  and  W,  for 
heavy  trains^  of  course  always  assuming  that  the  carriages  are  not  so  heavy  as  the 
trucks. 

(')  "It  seems  desirable  that  the  permanent  way  and  the  bridges  on  the  great  international  lines 
should  be  sufficiently  strong  to  allow  of  the  passage  of  a  couple  of  vehicles  each  having  four  axl(^ 
of  14  tons  with  3  feet  II  1/4  inches  (1.20  metre)  distance  between  them.  »»  To  be  exact,  we  must 
add  that  the  total  wheel-base  of  the  whole  should  be  about  42  feet  (12.80  metres),  the  wheel-base 
of  two  engines  L4,  placed  facing  one  another. 

("-')  We  have  not  thought  it  necessary  to  take  into  account  the  American  types  13,  14,  15  of  our 
tjible  (7),  as  we  consider  them  exceptional. 


i2 

Willi  all  l\ic.  abovi'  iiiL'iU'njncil  velikJi's.  wo  gi.'iiurally  niiike  up  our  fnur  I; 
trains  in  ihi-  usual  niiinnor,  1.  c  willi  Iwu  engines  accompanied  by  thdr  l<.>tiij<'rs  ul 
the  head  of  I  ho  train  aixl  all  the  trucks  behind.  This  arrangement  ia  alsn  tho  oin' 
adopted  in  llie  Krench  n-gulations;  It  really  gives  rise  to  soniowhiit  iiiUiciile  oiltu- 
lations  as  to  the  bonding  sindns,  since  for  each  span  preliminary  researches  an' 
necessary  as  to  the  axle  of  the  train  to  be  placed  on  the  midrlle  of  the  bridgi'  ia 
order  to  obtain  the  maximum.  Bui  the  straining  elfocts  thus  obtained  are  such  s!> 
we  really  meet  with  in  actual  working  and  we  think  at  least  for  the  extra  heavg 
trains,  there  is  no  plausible  motive  forgoing  beyond  this. 

For  llio  heavy  trains  of  the  second  group,  which  are  much  more  familiar  to  us, 
we  have  not  sought  to  increase  the  loads  obtained  as  has  just  been  explained;  bul  it 
seemed  to  us  practical,  for  large  spans,  to  take  into  account  to  a  certain  extent  the 
goods  trains  which  may  be  formed  by  combining  in  anolher  way  lighter  vehiciw 
than  those  which  serve  as  types. 

On  the  basts  of  the  conditions  thus  assumeil,  we  have  calculated  for  our  fnnr 
typical  trains,  the  sciili'sof  load  uniformly  distributed  per  meire  oftraek,  \*hich  wr 
shall  Ihoreroro  be  able  to  adopt,  both  for  bending  and  shearing  strains. 

When  largo  spans  are  coiu-ernfd,  we  can  for  each  of  our  two  groups  (16).  ITi 
identify  (to  within  a  low  hundredths)  <'i  the  loads  given  by  the  two  Iraius  Ihal  com- 
pose it.  For  abort  spans  |we  will  say  of  less  than  33  feet  [10  metres)),  Ibi*  lends 
imposed  by  the  trains  present  such  irregularities  that  it  is  best  lo  replace  tlicm  tni 
regular  law  as  lo  load,  and,  there  again,  we  can  identify  what  conarns  the  two 
trains  of  one  group.  For  this  part  of  our  work,  we  have  thought  it  would  he 
interesting  to  record  all  the  results  of  our  calculations  on  one  diagram  whldi  the 
reader  will  fnid  subjoined  (plate  I}.  This  Uiblc  furnishes  us  with  almost  irrefaulile 
arguments  against  typiud  trains  i*i;  we  will  refer  lo  (his  later  on.  In  short  fur 
each  pair  of  Irains  constituting  a  group,  we  establish  a  scale  a  of  equiv-al«nt  loaik 
per  metre  of  ti'uck  serving  for  the  calculation  of  the  bending  strains,  and  i 
simihir  scale  b  serving  for  the  calculation  of  the  shearing  strains. 


I')  Gill  llif  poculiiir  i-iin'e  wliidi  lYulh  rrpiy^spurs  tlio  offijots 
rkiUBly  iiocepted  ns  iiidiiding  Al   thf  simitiir  effotla  c.biiiii 


lit  nil  ivguiiiiinns  of  (httbniW 
■;d  ill  wiH-kiOB  »  lar«*  nSHa* 


(1  Tlip  greulest  discn^paiiey  i 
pives.  Willi  Ihi.'  exiremo  iixlft*lc 
the  fmirdi  Train. 


fnund  in  Ilio  Hiiiil  Inii 
ids  lit    IS   Ions,   ahiim 


,  wliioh  hr  130  feet  (-10  w 
>  [wr  eoiii.  iimriT  lliiin  » 
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(18)     Table  of  loads  uniformly  distributed  per  metre  of  track  equivalent 

to  the  loads  of  the  typical  trains. 


SPAN 
OR    LENGTH 

EXTRA  HEAVY    TRAINS. 

HEAVY 

TRAINS. 

ft-  Bending  etralns. 

D.  Shearing  strains. 

A.  Bending  strains. 

b.   Sliearino  strains. 

LOADED. 

lioad  per  metre 
of  span. 

Load  per  metre 
of  ieiigih  loaded. 

Load  per  metre 
of  span. 

Load  per  metre 
of  length  loaded. 

T«u. 

T»ai, 

Tbu. 

Tom. 

3'3"  flm.) 

40 

40 

36 

36 

441"  (1-5) 

27 

28 

24 

26 

6T'  (2  m.) 

20 

23 

18 

21  5 

8'2"  (2'«5) 

16 

19-5 

15 

19 

16'5"  (5ra.) 

12  5 

15 

11-5 

14 

32H0"  (10  m.) 

9-5 

11 

8-5 

10 

49'2"  (15m.) 

8-5 

9  6 

7  0 

8-5 

65'7"  (20m.) 

8-0 

8-7 

6-5 

7-6 

131*3"  (40m.) 

6.8 

7-3 

5-6 

6-2 

262'6"  (80  m.) 

5-3 

5-8 

4-4 

4-8 

393'8"  (120m.) 

4-3 

4-8 

3-8 

40 

525'll"(160mO 

3-8 

4-3 

3  4 

3  5 

N.  B,  —  For  intermediate  spans  or  lengths  of  track  loaded  we  shall  proceed  by  rectilinear  interpolation. 

These  scales  of  loads  are  subject  to  slight  modifications  for  short  spans,  when  the 
maximum  axle-load  allowed  for  a  system  does  not  reach  one  of  the  limits  of  20  or 
18  tons  (^)  which  we  have  introduced  into  our  two  groups,  the  locomotives  moreover 
keeping  to  all  intents  the  weights  allowed  in  our  types.  This  has  been  specially 
studied.  In  fact,  up  to  about  8  feet  2  inches  (2'"o)  of  span,  the  load  per  metre 
depends  almost  entirely  on  the  maximum  axle-load  admitted,  whatever  maybe  the 
types  of  vehicles  considered.  It  is  almost  the  same  up  to  spans  of  16  1/2  feet 
(5  metres),  in  a  liertain  sense,  i.  e.  for  a  given  system,  so  that  these  short-span 
bridges  can  be  calculated  without  taking  into  account  the  type  of  vehicle.  To 
explain  this,  we  may  remark  that  between  the  load  and  the  minimum  distance 
between  the  axles,  there  exists  a  certain  practical  relation.  Thus,  we  have  found 
that  for  axe- loads  of  14,  15  and  20  tons,  the  minimum  distance  between  axles  is 


(')  The  case  in  which  the  Huiij^ariiin  regulations  allow  axle-loads  of  16  tons  to  a  4  feet  (l'"20) 
wheel-base,  is  not  practically  illustrated  by  any  engine  constructed. 
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aLout  ifi?L'l,-i  fet'l  3  inclies  and  it  1/2  feel  [1  "'20,  l^^O  and  2  raetresi  (i),  Weeantlius 
establisli  approxiin;itcly  the  following  pracEio;ii  relatioQ  : 

I  Aib-loaJj 12  t.     13  t.      Ut.      15 1.      IGI.      IT  t.      IS  I.      19 1.    i«l. 

(I'J)  i'    ,.  .  _,.  (     3'3'-      3-7-     3'1!-     4-3"     A'T     S'l"      ^1"     m"r,r 

I  M,mmumd,s,a..c.     .     j  |,,„^^j  ^j^,^^  ^j„,^^  .^^^^^  ^,„_,pj  ^j^^^  j,,,,^,,  .j,^-,,^,^ 

For  each  of  our  spaaa  :  3  fuel  3  inches,  4  feet  H  inches,  fl  feet  7  inch6S,8fMl 
2  inches  and  16  J/S^feeL  (i'M)0,  l^oO,  2'"00,  2"aO  and  S^OOj  we  huve  calculated  Ibe 
etTecls  of  eacli  of  thttsc  systems  of  iixles  with  Ihcir  ctirrusponding  spacing;  weltH-Q 
recorded  on  a  similar  table,  for  each  system  Uie  greiilesl  oijuivnienl  loads  a  and  b, 
chosen  from  among  ihose  that  we  hiive  found  for  this  system  and  all  the  preceding 
ones.  For  axle-loads  above  14  tons,  we  have,  moretner,  taken  into  considenliCHI 
the  combination  of  a  driving  axle  and  an  axle  bearing  8  tons  placed  I  feel  3  in(*« 
.l"'30i  from  the  former;  we  have  thus  again  increased  uup  values,  where  m-cessiirf. 
Laslly,  we  found  il  convenient  to  graduate  to  a  certain  exlenl  all  the  loads  oblainwl 
into  a  Biiigle  continuous  table,  the  values  being  expressed  roughly  a&  Ions  aiiiJ 
half-Ions.  The  result  of  nil  lln-se  researches  is  thai,  up  lo  8  feel  2  inches  [9^1. 
Ihere  is  no  occasion  lo  eslablisli  any  vehicle  as  a  type,  whereas  towards  i6  lj2  fw* 
i3  mctresi  about  the  same  values  are  found  for  all  the  systems  (19)  so  that  for  sued 
a  span,  it  matters  very  little  whether  we  are  considering  heavy  trains  or  extra  /iflWf 
Iraivsiis  far  as  the  loads  to  Ix  allowed  are  cmiceriied.  We  ha\e  both  for  ll» 
values  a  and  the  values  b  expressed  the  difference  roughly  by  adding  a  Ion  ODW 
for  thc«7rn  heavy  trainx.     We  therefore  gel : 

|20)  Table  of  loads  uniformly  clislributed  por  mclt'O  of  Irack  equivaloni  to  ihe  lo»ds 
of  the  lypicai  veliicle?,  according  lo  llii?  maximum  axle-load  allowed. 


if! 

TIUISS, 

HU... 

«t,«. 

>*<,... 

>,»„.. 

..»«,, 

,.,.«, 

iOiou. 
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IS 

i'l  1  Ion  English  niualB  2,240  llw.  otid  1  Uiji  kilomeU-if  tiiunU  2.207  lbs,     Tbcrcfon- (orifc* 
pur[iosc$  o(  this  ivpnvt  it  bus  not  eecined  u>?«essanr  to  differcatUic  Ix'twccD  liiitclish  aikd  mi'irirM* 
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This  single  table  for  short  span  brdges  is  connected  directly  with  our  tables  {18/ 
drawn  up  from  the  two  groups  of  typical  trains;  the  relations  between  them  are 
shown  graphically  by  means  of  straight  lines  as  far  as  the  spans  comprised  between 
8  feet  2  inches  and  16  1/2  feet  (2"'o0  and  5  metres)  arc  concerned;  these  lines 
for  the  span  of  16  1/2  feet  (S  metres)  converge  towards  the  points  representing  the 
four  values  indicated  in  our  tables  (18).  Our  graphic  table  (plate  li  shows  the 
ensemble  of  all  these  loads  that  we  propose,  for  spans  comprised  between  6  1/2 
and  33  feet  (2  and  10  metres).  In  our  graphic  tiible  (plate  III)  will  be  found  also, 
for  spans  of  from  16  1/2  to  525  feet  (5  to  160  metres),  the  diagrams  representing  our 
scales  of  loads.  We  have  now  to  explain  a  special  point  in  our  propositions  con- 
cerning large  spans. 

It  will  be  observed  that  the  extremities  of  the  two  curves  a  and  b  represenlirg  the 
extra  heavy  trains  are  separated  by  half  a  ton,  whilst  the  two  similar  lower  curves 
a*  and  b*  representing  the  heavy  trains  seem  to  tend  to  converge,  to  within  about 
one  tenth  of  a  ton  (^). 

The  reason  is  that  for  the  extra  heavy  trains  we  have  thought  it  best  to  keep 
strictly  to  the  typical  trains  defined  (16)  allowing  trucks  behind  only,  whereas  for  the 
heavy  timns  which  comprise  the  great  majority  of  trains  adopted  in  both  hemi- 
spheres, we  felt  compelled  to  take  into  account  the  practice  now  followed  by  many 
bridge  engineers  consisting  in  also  taking  into  account  goods  trains  with  trucks 
in  front  and  behind,  or  trains  composed  of  more  than  two  locomotives,  somewhat 
less  heavy  than  those  represented  by  our  types,  etc  (2). 

These  variations  in  the  hypotheses  of  loads  do  not  to  any  extent  affect  scale  b', 
relating  to  the  shearing  strain  for  which  the  original  hypotheses  are  the  most  unfa- 
vourable. But  for  scale  a',  which  concerns  the  bending  strains  they  lead  us  to 
increase  the  loads  somewhat,  for  large  spans.     It  seemed  impossible  not  to  take 


(*)  The  samo  coiivcrgt'iice  is  observable  in  the  Russian  scales  of  1884,  which  we  quote. 

(')  We  may  quote  in  reference  to  regulations  allowing  trucks  both  in  the  fr<»nr  and  rear  of  the 
train,  those  of  Russia  in  1884,  of  Austria  in  1887,  of  Hungary  in  1893  and  in  German^*,  for  in- 
stance, thoj^'c  of  the  Breslau,  Bromberg  and  Hanover  Directorates,  all  belonging  to  the  Prussian 
State  Railways,  in  1834.  In  the  same  way  for  the  load  trains  prescribed  with  more  than  two 
locomotives  we  shall  quote  those  of  Russia  in  1884,  of  Austria  in  1887;  then  in  Germany,  for 
instance,  those  of  the  Bromberg  Administration  in  1891  and  of  the  Hanoverian  Administration 
in  1894,  lastly  in  Roumania  those  of  the  General  Railway  Administration  concerning  the  work 
for  the  large  bridge  over  the  Danube,  near  Cernawoda. 
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into  account  these  hypotheses  of  load  which  are  recognised  by  numbers  of  distingui- 
shed European  engineers  (>). 

We  have  therefore  left  the  extremities  of  the  curves  a  and  b  where  they  were  fixed 
in  Austria  after  a  very  profound  study  of  more  than  40  different  trains.  Moreover 
the  mere  comparison  with  our  table  (15)  shows  that  the  extremity  of  the  scale  a  of 
the  heavy  trains  cannot  be  lowered  more  than  a  few  tenths  of  a  ton  at  the  most,  in 
order  to  keep  above  the  loads  representing  the  French  regulations  of  1891 ,  which,  as 
we  know,  only  take  into  account  tenders  with  two  axles  weighing  24  tons  ('). 

8.  —  Application  of  our  scales  of  load. 

For  longitudinal  runners  and  transverse  girders  without  exception,  as  well  as  for 
the  main  girders  of  all  ordinary  bridges,  we  can  safely  use  our  scales  a  and  b  of 
load.  This  comprises  generally  all  bridges  with  independent  spans,  all  bridges  with 
straight  girders  continued  over  several  spans,  the  cantilever  bridges  of  various 
systems,  etc.  (3). 

As  up  to  the  present  there  are  only  two  large  countries,  Russia  and  Austria,  where 
the  calculations  of  resistance  are  made  exclusively  by  means  of  equivalent  loads 
uniformly  distributed,  in  accordance  with  several  scales  of  load  very  carefully 
worked  out  and  made  compulsory  for  constructors  by  decrees  of  the  (iovernmen', 

(')  W(*  haw  befoiv  us  tli»^  RcjHirt  of  the  hoard  of  railroad  commissioners  of  the  Stati-  "f  y>  -- 
Ynrh,  issued  Juno  30th,  1S91 .  C<)niniissi«>nei's  :  William  E.  R(»j.'-ers,  Isa.ic  V.  Bak.r,  Fr.  MkI:;;  ^ 
Rickard.  This  iv port  repivsoius  a  considerable  amount  of  work  on  the  pari  of  ihr  «'xe«u:;v. 
eonunittee  <»f  New  York.  In  it  iheealeulations  of  resistance  for  <'>()9  l»ridir«'s  out  ni  a  total  <'f  :?.r.tiO 
have  been  n^mad»^  The  iY'i)orrer  rclar«'s  that  manv  raihvavdirrctors  werev-'i-v  niufh  ;ist<»iii>]:- ■! 
to  It.'arn  that  in  manj  casos  the  loads  ini[)osed  upon  the  bridg^es  almost  attaint  d  !<•  tho  break!: -_' 
strain.  Unfortunatoly,  it  docs  not  seem  that  up  to  the  pi\^sent  uniform  and  carofully  >tud;'-l 
ivjrularions  as  to  load  have  been  esta!)lishcd  in  the  I'nited  States  of  America. 

-  AcCi»rdini::  to  a  comnuini«*arinn  that  His  Excellencv  M.  Thielen,  Minister  <>f  Pulijic  \V<<rk- 
at  Berlin,  was  kind  enouirh  to  send  us  in  Februarv  18l>5,  the  rejrulations  of  load  are  imw  m 
couive  of  bein«r  made  uniform  for  the  \vhol»'  svstem  c^f  Prussian  niihvavs. 

^  As  ivirards  rather  important  exception,  it  '\s  on\y  (or  aJ'cJied  br  id  r/es,  that  we  should  hav(  !• 
•20  ]»ack  to  the  typical  load  trains.  Apiin,  it  seems,  from  some  «'omparisons  made,  that  tho  <<;alr>  a 
and  l>  aro  also  verv  well  suited  to  those  brid'res,  if  we  assumt^  evervwhen'  that  the  loaded  servt> 
::s  ilio  kev-noie  to  tlit^se  seales. 
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we  think  it  will  be  useful  here  to  recapitulate  the  manner  in  which  our  scales  should 
be  used  :  — 

The  loads  that  are  to  enter  into  the  calculations  of  resistance  consist  of  the  weight 
of  the  structure  itself  (dead  load)  and  the  loads  imposed  upon  it  by  the  rolling  stock 
(moving  load).  We  must  also  take  into  account  wind  pressure,  and  charges  of  tem- 
perature in  so  far  as  the  system  of  construction  renders  it  necessary.  In  chapter  IV 
of  our  report  will  be  found  sufficient  data  to  enable  us  to  estimate  in  advance  the 
prof)er  weight  of  any  bridge  to  be  constructed.  As  to  wind  pressure,  it  has  been 
agreed  almost  everywhere  to  keep  (within  certain  modifications)  to  the  coefficients 
admitted  in  England;  for  this  purpose  we  must  refer  to  the  stipulations  of  §  3,  lit.  f, 
of  the  Austrian  regulations  for  1887  which  we  reproduce  in  the  appendix;  we  have 
therefore  only  to  occupy  ourselves  with  the  moving  load,  i.  e.  with  the  application 
of  our  scales  of  load. 

(a)  For  the  calculation*  of  the  chords  in  the  maingirders  of  bridges  with  indepen- 
dent spans,  the  moving  load  to  be  allowed  per  running  metre  of  track  as  being  uni- 
formly distributed  over  the  whole  span,  reckoned  between  the  centres  of  the  sup~ 
ports,  will  be  that  of  scale  a. 

When  dealing  with  the  chords  of  arched  main  girders  with  or  without  rigid  spand- 
rels, we  can  again  with  perfect  safety,  in  order  not  to  go  back  to  the  typical  trains, 
use  the  same  scale  a;  only  we  must* consider  as  the  basis  the  length  loaded  (i)  and 
not  the  span. 

(b)  For  the  calculation  of  the  web-plate  or  the  web-bracing  in  these  same  main 
girders  as  to  the  shearing  strains  we  must  use  the  scale  b,  taking  as  the  basis, 
not  the  span  of  the  bridge,  but  the  length  of  bridge  loaded  (^).  For  the  usual  inde- 
pendent spans  this  length  will  be  different  for  each  section,  and  will  extend  from  this 
to  one  or  other  of  the  supports  to  be  considered  according  to  the  direction  of  the 
shearing  strain  sought  (*). 

(c)  For  bridges  with  continuous  girders  resting  on  more  than  two  supports,  the 

(*)  In  arched  bridges,  the  length  or  the  two  lengths  of  the  bridge  to  be  subjected  to  the  load,, 
in  order  to  obtain  the  maximum  effect  in  a  portion  considered,  are  the  object  of  a  special 
research. 

(•)  For  a  given  bridge,  we  must  take  a  charge  per  metre  different  for  each  panel,  and 
this  seems  to  involve  fresh  complications.     This,  however,  is  only  apparent  and  as  the  load  for 
the  same  length  remains  the  same  in  all  bridges  of  all  spans,  it  can  be  established  once  for  all  in 
the  form  of  numerical  tables  always  applicable.     This  calculation  is  then  simpler  than  the  calcul 
ation  according  to  the  old  system. 
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chords  should  be  Ciilculated  by  allowing  to  the  bays  loaded,  such  live  loads,  as 
according  to  scale  a,  correspond  to  their  spans,  and  at  the  same  time  taking  into 
account  the  combinations  of  load  that  produce  the  greatest  bending  strains. 

In  calculating,  the  web-bracing  of  the  same  bridges,  we  must  allow  to  the  span  in 
question  the  loads  in  scale  b,  and  to  the  combinations  of  other  spans  simultaneously 
loaded,  we  must  allow  the  loads  in  scale  a. 

(d)  For  cantilever  bridges  (Firth  of  Forth  system),  we  can  also  use  our  sciUes.  We 
shall  of  course  treat  the  central  structure  resting  on  the  cantilevers,  as  a  bridge  of 
independent  span,  the  loads  on  the  supports  calculated  by  the  help  of  scale  b  being 
the  strains  supposed  to  be  applied  at  the  end  of  the  cantilevers.  We  shall  moreover 
take  into  account  the  moving  loads  that  these  have  directly  to  support  by  using  our 
two  scales  as  follows  :  — 

For  the  calculation  of  the  chords  the  cantilevers  will  be  loaded  according  lo 
scale  a  along  their  whole  length  using  twice  this  as  the  basis  in  our  table  i^',. 

For  the  calculation  of  the  diagonals,  the  cantilevers  will  be  loaded  according  to 
scale  b  from  their  extremity  as  far  as  the  section  in  question,  taking  this  loaded 
length  increased  by  half,  as  the  basis  in  our  table  (*;. 

remark,  —  To  the  rules  that  we  quote  for  bridges  with  straight  girders  conti- 
nued over  several  spans  and  for  cantilever  bridges,  the  objection  might  be  raised 
that  they  involve  in  a  sense  an  excess  of  security  since  Ihey  take  for  granted  the 
sinuillaneoiis  proscMieo  of  several  trains  on  the  same  roa<l  of  the  brid^'os  in  order 
to  produce  llie  h):ids  introduced  into  the  calculations  of  resistanc(\  J»ut  tl;«' 
constructors  of  iri^i  ])ridges  have  always  up  to  the  present  been  of  opinion  that 
most  unfavoi-able  combinations  should  be  taken  into  account,  and  this  idea  is 
therefore,  so  lo  speak,  bound  up  with  these  systems  of  construction. 

('1  The  longitudinal  runners  will  be  treated  as  the  main  girders  of  small  bridges, 
resting  on  transverse  girders,  considered  as  piers  or  abutments. 

/  The  transverse^  girders  will  jje  considered  as  piers  or  abutments  supporting  the 
longitudinal  runuiM's  considered  as  main  girders. 

'  It  is  easy  to  sliMW  tlicon^ticallv  that  iliis  mode  <»f  prncedure  is  strictly  cnnvxn.  h  rt>si>  ..n 
tli»^  priii«'ij)l(M)i"  the  <'(jiiival«'n(  niiif<»rin  load  as  roirards  iho  bending  strain  above  [\\r  pier  \vh'i\ 
ihc  b(MidinL'- strain  is  ai  tbo  maximum. 

*  _ 

r)  Tho  rub^  that  we  jj-ivc  liere  has  beon  establislied  by  researches  that  eannnt  br  (NMisid<'i-.  d  'tf 
a  tluv)retical  nature.  Tbo  slioarinir  sirain  lo  be  considored  is  always  equal  tn  ib«'  sum  <»f  ibe 
b);ids  restintron  tlio  len^^tb  indicated,  wliidi  L-'ives  a  sim]d«?  calculation  in  all  cases.  Our  rub'  b>r 
usinir  scale  b  is  nraoticallv  correct:  and  will  do  awav  witli  the  nwossitv  of  lia\inLr  roc<uirst"  :<> 
tyj)ical  trains  for  sul)sequcnt  r«'searches. 


For  the  calculalion  of  intermediate  transverse  girders,  we  shall  allow  as  the 
moving  load  half  of  the  total  load  which,  according  to  scale  a,  would  be  applicable 
to  a  bridge  liaving  for  its  span  the  distance  between  the  two  transverse  girders  on 
the  immediate  right  and  left  of  the  one  considered  (^). 

The  calculation  of  the  end  transverse  girders  will  be  made  in  each  special  case 
according  to  their  position  in  the  structure,  replacing  that  one  of  the  neighbouring 
girders  which  is  wanting,  by  a  theoretical  support  of  the  road  taken  at  a  convenient 
distance  in  order  to  apply  the  above  rule.  This  distance  must  be  at  least  3'3"  (one 
metre)  in  order  to  allow  for  the  usual  distance  between  the  sleepers;  in  the  case  of 
cantilever  longitudinals,  it  must  be  increased  by  the  double  span  of  these  cantilevers 
(theoretical  span).  In  the  case  of  abutment  longitudinals,  it  will  be  equal  to  their 
span  (skew  bridge)  (2).  We  need  not  say  that  the  load  imposed  on  each  transverse 
girder  must  be  supposed  to  be  transmitted  to  the  point  where  it  is  really  applied  (the 
connection  with  the  longitudinal  runners).  In  general,  we  cannot  too  strongly 
recommend  that  the  end  transverse  girders  should  be  made  as  strong  as  the  similar 
intermediate  neighbouring  transverse  girders. 

9.  —  Conclusions. 

To  sum  up,  all  these  propositions  that  we  are  about  to  submit  to  the  Congress 
are  intended  to  prove  to  all  our  colleagues  that  the  regulation  of  loads  by  typical 
trains  is  merely  an  expedient  to  get  over  the  difticulty  rather  than  a  serious  inves- 
tigation as  to  the  effects  of  all  the  trains  in  use  and  a  deduction  once  for  all  of  a 
general  solution  of  the  problem,  enabling  constructors  to  dispense  with  subsequent 
researches. 

We  have  proved  that  with  two  scales  of  uniformly  distributed  loads,  we  can,  in 
al  practical  cases,  make  the  calculations  in  the  simplest  manner.  The  bridges  thus 
calculated  will  be  very  safe,  as  in  their  construction  all  the  rolling  stock  in  use  will 
have  been  taken  into  account.  In  the  employment  of  our  scales  a  and  h  of  loads, 
it  must  be  remembered  that  we  always  reckon  from  the  lemiths  of  the  bridge  that  are 
loaded, 

(')  This  proposition  mav  bo  shown  theoretically  to  be  strictly  accurate,  even  if  the  intervals 
betAveen  the  transverse  girders  are  unequal.  See  p.  77  of  the  work  already  quoted  :  Calculs  des 
pouts  rndtalliqucs  d.  tine  ouplnsieurs  travdes.  Paris,  Baudry,  1889.  It  is  based  on  tjie  universally 
established  custom  of  calculating  the  transverse  girders  as  resting  freely  on  the  main  girders 
and  the  longitudinal  runners  as  resting  freely  on  the  transverse  girders. 

( ')  In  the  arrangement  of  iron  work  thus  necessitated  which  is  often  very  complicated,  we  can 
deal  separately,  according  to  our  rule,  with  each  kind  of  longitudinal  runner. 
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APPENDIX    TO    CHAPTER    III. 

EXAMPLE  OF  CALCULATION. 


Extra-heavy   express  train. 

As  the  methods  of  calculation  used  in  the  foregoing  and  which  we  recommend  for 
estimating  loads  uniformly  distributed  per  metre  of  track,  equivalent  to  the  effects 
of  a  given  train  (either  for  bending  strains  or  shearing  strains)  are  certainly  not 
known  to  all  the  members  of  the  Congress,  we  thought  that  it  would  be  desirable  to 
give  here  at  least  one  instance  of  these  ciilculations;  this  one  relates  to  our  extra- 
heavy  express  traiii,  the  heaviest  in  the  world.  The  reader  will  thus  see  what  it  is 
to  have  regulations  of  load  given  by  means  of  a  typical  train  or  given  by  means  of 
scales  of  uniform  equivalent  loads  that  can  be  applied  immediately  without  further 
researches. 

1.  —  Bending  strains. 

For  each  span  we  must  place  on  the  middle  of  this  span  the  axle  which  gives  a 
maximum  bending  strain.  We  then  take  the  greatest  of  the  values  found.  We  will 
call  : 

/  /  =  2a the  span  of  the  bridge ; 

(21) I  Pi  P^  P;,  ...  Pu the  axle-loads; 

(  cii   cij^  «,,   ...  cin       ...     tlieir  distance  frr)m  the  middle  of  tiie  sjkau  '. 


\Vc  llien  find  easily  that  the  equivalent  load  uniformly  distribuled  over  the  whole 
span,  per  metre  of  track,  is  : 


^^  _  Pi   -f  P.  +  •'■  ^n         flj    Pi  4-  a>  Pi    ...    an  Vn  _  1 


a 


This  mode  of  calculation  introduced  by  the  writer  already  in  1873  oilers  the  great 
advantage  that  for  increasing  spans  1  =  2a,  the  values  of  both  -  remain  constant  as 
long  as  no  fresh  axles  come  upon  the  bridge;  when  more  axles  come  upon  the 
bridge  the  new  values  of  ^  are  obtained  by  calculating  the  values  of  -  for  the  ucnv 
axles  and  adding  these  values  to  the  old  ones  already  known.  If  then  the  same  axle 
remains  on  the  middle  of  the  bridge  whilst  the  span  increases  indefinitely,  it  will  l)e 
sufllcient  to  draw  up  a  table  of  the  values  of  the  -  for  those  spans  that  involve  fresli 

(*:  Tlic  success  of  this  method  is  attributable  to  this  oiivumstanoe  that  all  the  lengths  ui>: 
brought  into  relation  with  the  middle  of  the  span. 


IV 

51 


axles  being  brought  upon  the  bridge.  By  me^ms  of  this  table  which  is  easely  obtai- 
ned by  addition  means  of  simple  we  can  afterwards,  for  any  intermediate  span 
whatever,  at  once  calculate  p  by  means  of  formula  (22)  by  putting  in  the  S  of  the 
table  corresponding  to  the  span  In  =  2an  immediately  lower.  This  calculation 
only  requires  two  divisions.  The  curve  of  the  values  of  p  shows  a  set  of  singular 
points  corresponding  to  the  spans  in  the  table  of  the  ^. 

The  condition  on  which  an  axle  placed  in  the  middle  of  the  span  gives  a  maximum 
there  is  that  this  axle  should  constitute  a  medial  force  of  that  part  of  the  train  placed 
on  the  bridge.  This  means  that  the  sums  of  the  loads  applied  on  each  side  of  the 
centre  of  the  span  be  so  nearly  equal  that  if  the  axle  in  question  is  added  to  one  of 
them,  that  sum  should  always  represent  the  majority  of  the  loads  imposed  upon  the 
bridge  ('). 

(')  If  instead  of  trying  to  find  the  maximum  at  the  middle  of  the  bridge  we  wished  to  find  it  for 
any  section  whatever  dividing  the  length  I  of  the  span  into  two  unequal  detached  parts  a'  and  a" 
to  the  right  and  left  of  this  section  we  should  have  to  place  upon  it  the  proportional  medial  force. 
We  thus  designate  as  Pma  force  which  is  such  that  the  slight  displacement  considered  above  would 
always  leave  on  the  side  of  Pm  that  part  of  the  combined  forces  thsit  is  propot'tionateli/  the  greater. 
This  new  conception  and  the  rule  relating  to  it  are  derived  from  the  following  calculation.  We 
find  : 


(23) Bending  moment 


a'a^^  1 

1^  ^^'*  ~  2^ 


a"SaiPA  +  a'ZalJPjJ 


=  M 


(24) 


IPn        1  'la'nP'n    ,    laH?!! 


a 


a 


a 


n 


p  is  a  maximum  when  the  factor  within  brackets  is  a  minimum.  A  very  slight  displacement  oc 
of  the  point  X  about  which  moments  are  taken  towards  the  point  X,  situated  to  the  right  gives 
for  this  new  origin  of  moments  : 

'SPA      EPI!\ 
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and  this  produces  a  diminution  or  augmentation  of  the  factor  in  question  according  as  : 

SPA  >  SPll 


(26, 
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We  deduce  from  this  the  idea  of  the  proportional 
medial  force  that  must  be  placed  on  the  section  in 
in  order  to  obtain  the  maximum. 

These  considerations  also  lead  us  directly  to  the 
theoretical  maximum  maximorum  in  the  mo^t 
general  case. 

Let  G  be  the  centre  of  gravity  (27)  of  all  the 
forces  of  2  Pn  and  K  its  distance  from  the  force  P^j, 
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When  we  have  a  typical  train  to  consider,  comprising  trucks  in  front  and  roar 
there  are  only  for  each  span  three  or  four  axles  from  among  which  to  choose  the 
axle  forming  the  medial  force.  But  for  a  typical  train  having  only  trucks  behind, 
like  those  prescribed  in  France  and  Switzerland,  the  problem  is  much  more  com- 
plicated, and  for  increasing  spans  we  have  to  try  at  least  a  dozen  axles  to  get  Uie 
medial  force.    Wc  find  several  medial  forces  for  almost  every  span,  and  out  of  all 


and  lasty  let  oc  be  the  distance  of  the  latter  from  the  centre  of  the  span ;  we  get : 

of  ==a-\-x  of'  =a^x  JlakPL  —  SaJiP!!  ==  KSP,, 

The  substitution  in  the  equation  (23)  after  reduction  gives  : 

,^  .  .    M  .  '2±^=^  ^.  - 1  [^;«  +  ^«]  .«.  ^  -  1  (I  -  «)  .P. 

The  maximum  obtained  over  a  given  section,  by  placing  upon  it  the  proportional  medial  force 
consequently  becomes  a  maximum  maximorum  with  regard  to  all  the  sections,  when  we  get  at 
the  same  time  a?  =  K  :  2  or,  in  other  words,  token  the  centre  of  gramty  G  and  the  proportional 
medial  foixe  P;n  of  the  train  are  on  opposite  sides  of  the  middle  of  the  span  of  the  bridge  and 
equally  distant  from,  it.  From  this  very  simple  rule,  which  has  moreover  long  been  known, 
we  see  tliat  when  we  have  obtained  the  maximum  at  the.  middle  of  the  bridge  by  the  help  of  the 
method  indicated  in  tho  text,  we  shall  generally  want  only  a  slight  displacement  to  get  the 
niaximiun  maximoruni,  for  atrordiiig  to  the  usual  composition  of  trains,  G  and  Pm  are  almost 
alwavs  two  forces  verv  close  to  one  another  and  Pm  when  determined  as  the  medial  force  or 
the  middle  of  span  continues  to  rcmain  the  proportional  medial  force  for  the  neighbouring 
points. 

For  any  se<'tion  whatever,  dividing  the  span  /  into  two  unequal  parts  a'  and  «",  Xhi^  proportional 
medial  force  to  be  placed  on  the  section  would  ha  obtained  in  a  simple  manner  by  dividing  in 
the  ratio  a  :  «"  the  total  length  obtained  by  means  of  forces  placed  end  to  end.  If,  by  this  ron- 
struction,  the  point  of  division  falls  exactly  on  a  point  forming  the  conunon  end  of  two  forces,  it 
is  then  the  space  conipriseil  between  the  corn?sponding  axles  of  the  train,  and  that  we  will  call 
\\\Q  proportional  medial  interval  which  should  come  placed  in  whatever  position  over  the  section 
consideivd  of  the  bridge,  in  order  that  the  greatest  possible  moment  may  be  obtained. 

If  the  bridge  had  to  suppoit  not  loaded  axles  but  a  continuous  load  ^^uniform  or  not  the  m^iial 
foree  or  propurtioual  medial  force  should  be  replaced  by  a  vertical  line  dividing  the  load  into 
equal  parts  or  jxiris  proctor tional  to  a'  and  a",  etc. 

By  calling  P,r  the  iinif(n  in  load  of  the  trucks  j)er  metre  and  l\r  V\r  the  lengths  loaded  on  each 
side,  we  get  for  the  center  of  span  the  most  general  formula  : 

1— ') r  ~-^  ~\  -Pn 1««P/*  +  Pio ; 

a\  a  I 


S3 

les  nf p  thus  found  we  must  tlion  choose  the  greatest.  Our  solution  f)  for 
Uk'^c  difficulties  consists  in  drawing  up  in  a  table  the  axle  loads  of  the  train 
le  parts  of  the  span  where  each  of  the  heavy  axles  constitutes  a  medial 
This  table  which  we  reproduce  (30)  can  be  understood  by  constructors. 
cli  lit  ihe  heavy  axles  A,  B,  C,  is  successively  supposed  to  be  placed  in  the 
Idle  of  ilie  bridge  for  spans  increasing  indeflnitcly ;  which  gives  so  many  hori- 
ital  lines  of  the  table.  In  each  line  and  for  both  sides  of  the  axle  tried,  will  be 
ind  (he  ahscissal  a,  and  also  the  corresponding  sums  of  loads;  we  can  then  at 
sec  wliether  the  required  condition  is  satisfied  or  not  (*).  Wc  have  shown  by 
»ws  the  regions  where  each  axle  is  the  medial  force;  this  indication  is  repeated 
leacti  s'liiu  of  the  axle  tried  considered  as  the  starting  point. 

tnlile  seems  more  complicated  than  it  really  is.  The  figures  in  each  hori- 
ital  line  iire  deduced  from  the  line  preceding,  by  the  simple  addition  or  subtrac- 
of  a  constant  number,  depending  on  the  displacement  of  the  origin.  We  can 
easily  draw  up  the  whole  table  by  additions  and  subtractions  as  we  proceed 
iwards.  When  the  table  is  once  made  out,  an  experienced  constructor  will 
niy  have  to  choose  in  each  case,  between  two  or  three  medial  forces.  We  repro- 
uce  [311,  (31),  the  tables  oftheS  that  serve  for  the  application  of  our  formula  (23)  as 
ar  as  thi'y  ;ire  to  be  considered  for  the  maximum  of  the  load  p.  We  have  marked 
isks  those  of  the  values  of  p  that  belong  undoubtedly  to  the  general  diagram 
oi  the  uiavimums  to  be  considered  for  the  given  train. 

2.  —  Shcariii/f  straiits. 

^e  investigation  of  equivalent  uniform  loads  as  regards  shearing  strains  ofTers 
less  difficulty  than  the  preceding  investigation;  we  know  that  in  order  to  get 
lie  greatest  shearing  strain  on  a  support,  the  head  of  the  train  must  be  brought 
:pon  it,  t.  e.  we  muEt  concentrate  upon  it  the  heaviest  axles. 

('j  Wc  know  that  wo  can  solve  the  problem  by  the  graphic  method.  We  construct  a  funicular  . 
olvgon  f'lr  the  whole  train,  on  which  is  to  bo  traced  chord  with  a  horizontal  projeciion  constantly 
qual  lo  ihi'  span.  The  position  of  this  choi-d  at  which  the  distance  between  ii  and  the  polygon 
I  the  grfy.\u.-s:  possible,  is  the  position  sought. 

This  solution,  which  is  very  nice  for  a  small  number  of  axles,  becomes  inadmissible  for  long 
i^iiis,  in  VL'iilch  case  we  must  return  to  numerical  calculations. 

;*)  We  refer  the  reader  for  fuller  details  to  the  work  already  quoted  ;  Calcii!  dea  ponU  mital' 

uet  duneouplusitur*  Iraedes,  Paris,  Baudry,  1889. 
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(12 
111  the  following  calculations  and  tables  we  shall  call  : 

:  }■' t!ie  uiiirorm  eijuivaletit  load  required  jiei'  metre  o£  Irndi, 

I  I Ihe  span  of  the  bridge, 

'     '  j  P,  P» .  .   .  P„ the  loadB  acting  upon  Uil-  bridjtc, 

',  'i /j.  ...  'a therespective  distaneea  from  ihesuppon  on  the  rig-hl. 

We  then  find  by  the  ordinary  methods  ('!  : 

,  O  P.  +  Pi  -^  -  P"  O  hPt+ItPt  +  .-UP:    „   2  /VR  '■ 


?  bending  nioineiils 


; 


This  Torniula  is  very  similar  to  Inraiula  (22i  dniwn  up  li>i 
and  may  be  used  in  the  same  way. 

If  we  suppose  Ibal  the  fore-axle  of  a  train  of  a  certain  delcnnined  load  is  restiDj! 
on  the  right  support  of  tlie  bridge  and  tbat  the  spun  t  continually  increases  then  the 
stuns  £Pn  and  ^lni*n  will  only  vary  rach  time  a  new  axle  appears  on  IIk'  increasing 
span.  We  can  therefore  draw  up  beforehand  a  table  of  the  values  of  these  sums  fur 
the  corresponding  spans  (*),  and  this  table  will  then  enable  us  to  obtain  p'  by  means 
of  formula  (34)  for  any  span  I  whatever  making  two  divisions  only,  for  we  shall 
utilise  the  values  of  the  X  which  in  the  table  correspond  to  the  value  immediately 
below  In  ^  /. 

The  diagnim  of  the  values  of  p'  obtained  P)  by  slotting  all  Ihe  values  of  p'  thus 
found  will  be  the  enclosing  curve  required  giving  gnipbically  Ihe  greatest  values  of 
the  load  per  equivalent  metre  as  regards  Ihe  shearing  strain  on  a  support,  whlcli 
values  can  also  bo  obtained  numerically  by  means  of  formula  f34}. 

All  the  calculations  relating  to  shearing  strains  which  have  served  as  a  basis  for 
the  Austrian  regulations,  have  been  made  with  the  help  of  the  processes  above 
dcs<Tibod;  we  will  now  show  that  lln'  results  obtained  arc  applicable  for  tlw 
shearing  strains  produced  on  any  section  of  the  bridge,  in  accordance  « lib  I  hi' prin- 
ciple of  the  lengths  loaded. 


(']  We  should  gel  for  the  singli.-  forw  P,i  :i  slieiiviu^  sJnuo 
on  the  right  suppfirt  estiniuled  ul  ; 

.'      P5) ^■•  =  s'-~P~  =  lpl 

>  (*]Witrkiiig  in  Ihe  Bamewaj'iis  [or  Ihe  bending  moniuiJapnfl' 

cipiiUy  b<r  making  udditions  fur  iho  upiiearanuc  »(  oarh  tl2f- 

ind  I  for  the  abM-issa,  tlie  head  of  the  tniin  being  on  llie  siqipoit- 


(*]  Witli^.'  fortheoi-diniit 
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We  will  consider  any  section  SS  of  the 
bridge;  let  us  suppose  one  of  the  trains  of  known 
load  mentioned  above  to  be  placed  so  that  the 
first  axle  is  over  the  section  considered  and 
leaves  the  part  on  the  right  unloaded  so  that 
the  shearing  strain  on  SS  shall  be  at  the  maxi- 
mum. We  will  call : 

j/ the  equivalent  uniform  load  per  metre  sought  at  S  S ; 

I the  span  of  the  bridge  considered ; 

V the  part  of  this  span  to  the  left  of  SS ; 

Pi  Pj  .  .  .  Pn the  various  axle-loads  acting  to  the  left  of  S  S ; 

7i /«....  /n their  respective  distances  from  the  section  S  S ; 

Vr the  shearing  strain  produced  on  the  section.  We  then  find  : 

(37)  ...    Vj-  =  S  — J —     "  "^  2  ~r P  '^Ji  \ ~} 

• 

The  denominator  /  has  disappeared  and  the  formula  thus  obtained,  giving  p'  for 
any  section  SS,  only  differs  from  the  similar  formula  (34)  giving  p'  on  the  right 
support,  in  that  here  /'  comes  in  place  of  the  span  /.  Formula  (34)  therefore  only 
represents  a  particular  case  of  formula  (37)  for  which  /'  =  /  and  we  recognise  more 
generally  that : 

The  uniform  load  p'  per  metre  equivalent  to  a  given  train  as  to  the  shearing  strain 
on  a  section  SS  of  a  bridge  of  any  span  whatever  only  depends  on  the  length  V  loaded^ 
comprised  between  the  section  and  one  of  the  supports  according  to  the  direction  of  the 
strain  sought.  This  general  principle  justifies  without  further  commentary  what  we 
said  in  chapter  III  with  regard  to  scale  b. 

Inversely,  the  value  of  p'  calculated  for  any  intermediate  section  of  the  bridge, 
situated  at  a  distance  /'  from  the  support  on  the  side  from  which  the  load  proceeds, 
must  be  exactly  equal  to  the  value  of  p'  calculated  for  a  support  of  a  bridge  with  a 
span  /'.  It  was  thus  sufiicient  to  calculate  the  loads  intended  for  scale  b  of  the 
regulations,  by  considering  only  the  maximum  shearing  strain  obtained  on  a 
support  for  all  the  spans,  even  enabling  these  values  of />'  to  be  written  down  accord- 
ing to  the  new  principle  of  lengths  loaded. 

For  the  calculation  of  shearing  strains  for  each  particular  bridge,  according  to 

the  formula  : 

1    «7'*       p' 

13«)-- ^'-T-V =1-^" 

the  new  principle  adopted  in  Austria  again  has  the  advantage  of  simplifying 
the  calculations.    We  can,  in  fact,  draw  up  once  for  all,  a  table  of  the  turning  mo- 
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ments  '/.  pT*  for  all  lln'  li'iigHis  /'  gi'iuTally.  Tu  obtain  llii-  slieariiig  raonifiits  iii  a 
givou  bridg<%  we  shall  merely  have  to  divitlc  by  thespan  of  tho  bridge  tlie  values  of  tin- 
raomenls  given  by  this  lablo  for  Hip  lengths  loaded  concerning  the  several  panels. 

In  thf  case  whmv  behind  the  lommotives  and  tenders  there  is  a  train  of  Irurks 
of  length  l,B  on  the  bridge,  weighing  pw  per  running  metre,  it  follows  from  thi'  fur- 
mula'(Mj,  and  ;38i.  that  we  shall  get  generally  :  — 


■=^;:p..- 


-  +  p« 


2;  I 


When  discussing  the  question  of  loads  in  chapter  III,  we  allowed  all  the  advan- 
tage that  could  be  gained  from  scale  b  for  other  systems  of  construction.  In  the 
case  of  the  ertra  lieavy  train  one  more  dilliculty  occurs.  The  firt-j  locomotive  on 
Ihe  right  in  our  tal)le  (.'JO),  lias,  in  front  of  the  heavy  axles  two  asles  bearing 
8  tons  each.  If  w.'  call  the  three  first  axles  L,  M,  N,  we  cannot  a  ;)riori  assert  that  it 
is  always  L  that  must  be  placed  ou  the  section  of  the  bridge  or  on  the  support 
where  we  wish  to  have  the  gn'atest  shearing  strain.  We  should  have  even  iheore- 
tically  to  try  the  three  axles  for  the  dificnmt  spans.  We  have  madi'  the  complete 
calculations  for  the  axles  L  and  N.  We  find  that  we  must  consider  Ihe  axle  N  up 
10  about  164  feet  (30  metres)  of  span,  whereas  for  larger  spans  the  axle  L  must  be 
chosen.  For  very  small  spans,  we  must  consider  the  cases  in  which  the  locomotive 
is  turned  one  way  or  the  other  with  regard  to  ihe  support  in  question.  We  have 
not  made  calculations  for  the  axle  M,  for  the  results  that  we  should  thus  obtain 
would  be  included  in  those  we  have  already  found. 

Keatly,  if  we  wish  to  apply  Ihe  established  scale  b  of  the  loads  p',  as  we  have 
just  said,  to  the  calculation  of  the  shearing  strains  on  any  sections  lielween  the  sup- 
ports, we  introdua'  a  slight  excess  on  the  side  of  safely  into  these  calculations,  for 
the  axle  N  being  on  the  section,  we  must  wake  a  deduction  for  each  bearing  axle 
placed  in  front.  Since  the  employment  of  scale  b  as  it  stands,  covers  all  the  effects 
of  the  train  and  since,  between  Ihe  values  of  the  scale,  which  are  obliged  to  he 
given  in  round  numbers  and  Ihc  effects  of  the  train,  there  will  always  l>e  unavoi- 
dably some  slight  differences,  this  scale  will  always  answer  our  purpose. 

When  making  the  calculations  for  the  axles  L  and  N,  we  must  in  our  table  30^ 
consider  the  sums  of  the  abscissae  and  loads  ascertained  for  the  axles  C  and  E 
towards  the  lell,  oiler  they  have  been  prolonged  for  a  second  locomotive. 

We  shall  find  (40i  the  complete  table  of  the  values  of  the  S  enabling  p'  to  be 
calculated  for  as  many  values  of  /  as  may  be  required.  We  have  quoted  a  sufficient 
number  of  examples  for  the  tracing  of  the  required  curves. 
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IV.  —  The  manufacture  of  iron  and  steel.    Qualities  required  for  bridges. 

The  history  of  the  development  of  iron  and  steel  structures  is  closely  connected 
with  that  of  the  great  progress  made  in  the  processes  of  manufacturing  the  metal. 
The  possibility  of  procuring  at  a  moderate  price  and  within  a  short  time  large 
masses  of  iron  and  steel,  naturally  brings  with  it  facilities  for  bridging  over  large 
openings  by  means  of  iron  bridges,  and  since  the  art  of  constructing  these  has 
originated  in  England,  it  seems  only  logical  that  we  should  find  there  also  the  most 
important  inventions,  constituting  marked  steps  in  the  history  of  the  working  of 
iron. 

i.  —  The  manufacture  of  weld  and  ingot  iron  (i). 

Since  the  old  methods  of  charcoal  refining  have  fallen  into  disuse,  the  only  iron 
that  engineers  have  had  at  their  disposal  until  recently  is  that  obtained  by  means 
of  puddling  cast  iron,  which  is  then  hammered  out  with  the  steam  hammer  and 
rolled.    This  is  what  has  long  been  called  puddled  iron,  wrought  iron  or  welded 

(*)  The  Annales  des  ponts  et  chaussces  [December  \SS6,  p.  72)  give  an  international  nomen- 
clature for  the  various  kinds  of  iron,  "which  is  also  quoted  in  vol.  V  of  the  Enct/clopddie  chimique 
(M.  Bresson's  article  on  steel).  This  nomenclature,  established  in  1876,  by  the  International 
Committee  of  Philadelphia,  has  been  adopted  by  the  general  assembly  of  delegates  of  the  Asso- 
ciation of  German  railways,  at  their  meeting  at  Hamburg  (August  1st  and  2nd  in  the  year  1878). 

It  may  be  summed  up  thus  : 

a)  Fer  soud4,  Schiceisseisen,  weld  irony  wCilljern,  made  by  uniting  bv  means  of  welding  soft 
masses  heated  to  white  heat,  previously  obtained  from  bundles  of  iron  bars  or  some  other  source, 
not  capable  of  tempering ; 

b)  Aciersoudd,  Schwdssstahl^  vceldsteeU  wAllstal,  made  like  a  and  capable  of  tempering; 

c)  Fer  fonduy  Fhisseisen,  ingot  ii'on,  gOtjern^  made  by  melting  and  hardly  capable  of  tem- 
luring; 

d).  Aciei*  fondu,  flussstahl,  ingot  steel,  gOtstal,  made  like  c  and  capable  of  tempering. 

In  addition  to  this  excellent  classification,  which  we  should  like  to  see  adopted,  we  must  state  a 
number  of  conditions  in  order  to  define  exactly  a  given  quality  of  steel  [Zeitschrift  des  Vei-eins 
deutscher  Eisenbahnverxcaltungen,  n°  62,  August  12th  1878,  p.  851  and  858).  A  few  years 
ago  the  Prussian  Government  extended  this  nomenclature  to  all  the  terms  used  in  commerce.  In 
France  and  England,  it  seems  to  have  been  only  partially  followed,  but  as  the  Congress  had 
adopted  it  at  previous  sessions  we  will  follow  it  here. 
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iron.  This  iron  li»s  only  bL'iroine  cheaper  gradually,  as  means  have  been  foiind 
to  manufacture  il  in  larger  quantities,  and  llio  processes  of  rolling  developed. 
Nearly  thirty  years  ago.  Sir  Henry  Bessemer's  invention  brought  about  a  coinplcti' 
revolution  in  metallurgy  througliout  Europe.  The  Bessemer  converters  placed 
on  the  market  a  new  kind  of  iron,  obtained  by  melting  and  possessing  to  a 
certain  extent  the  properties  of  steel.  This  metal  possesses,  when  the  finest 
ijualities  are  selected,  that  is  to  say  those  containing  least  carbon,  properties 
greatly  akin  to  those  of  puddled  iron  of  good  quality.  The  Bessemer  process  has 
been  improved  by  the  basic  lining  of  the  retorts,  which  enables  the  mass  in  process 
of  melting  to  be  de-phosphnrised.  This  method,  known  as  the  Thomas  Gilchrist  or 
basic  process,  enables  us  to  obtain  from  inferior  ores,  such  as  those  of  Bohemia 
or  Lorraine,  a  meta!  which,  in  the  mild  qualities,  is  in  no  way  inferior  to  that 
produced  from  the  belter  ores  of  Spain  or  Slyria.  it  is  however  less  reliable 
than  the  Siemens  Martin  process,  which  consists  in  heating  in  a  reverberatory 
furnace  {!),  by  means  of  a  current  of  gas,  superheated  by  passing  through  a  Siemens 
regenerator,  a  trough  of  cast  iron  into  which  are  introduced  successively  quaolilics 
of  iron  measured  so  as  to  reduce  the  percentage  of  carbon  to  a  fixed  proportion  i*'. 
The  principal  advantage  of  the  Siemens-Martin  process,  as  regards  the  quality  of 
the  products,  is  the  slowness  of  the  operation  which  can  he  continued  until  the 
samples  taken  from  the  li(|uid  melal  in  the  nielliu);;  furnace  show  that  the  required 
quality  is  exactly  obtained. 


2.  —  Weld  iron  [SchweisscUen-pudilkd  iroiii. 

It  is  generally  admitted  that  the  two  surest  tests  for  ascertaining  the  quality 
of  the  metal  are  the  j-esklancc  lo  breaUng  and  the  elongation  measured  in  the  direc- 
tion of  the  grain.  The  resistance  lo  breaking  has  Ijeen  fixed  in  Austria  at  a  limit 
of  not  less  than  47,000  to  31,000  lbs  per  square  inch  ,33  to  36  kilograms  per 
square  millimetres),  so  as  not  to  exclude  the  excellent  soft  irons  of  Styria.  Th.' 
additional  regulation  which  fixes  that  elongations  should  vary  from  20  to  13  p.  c, 
according  to  the  resistance  to  breaking,  is  formulated  with  the  object  of  prerentiuf! 
the  employment  of  bad  qualities  of  iron  and  is  chietly  directed  against  the  iron 
imported  into  Austria  which  is  generally  more  brittle.    The  test-samples  prescrib<t) 

(')  The  basic  I ii ling  oan  Ih?  used  in  the  Siemens  Mariiu  turiiacc  ns  »oll  ns  in  the  Iti-Hcnii^ 
cunvorter. 

{')  Wo  can,  inst«aJ  (>f  iron,  aJil  ore ;  tliis  last  proi:ctE  is  applied  im  a  large  siale  in  F.iigland. 
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[having  a  section  of  3/4  of  a  square  inch  (5  square  centimetres)  and  a  length  of 
8  inches  (20  centimetres)  between  elongation  marks]  correspond  with  the  custom 
established  in  the  greater  number  of  the  iron-works  of  Central  Europe.  These 
somewhat  broad  regulations  determine  from  the  special  point  of  view  of  the  govern- 
ment department  for  the  inspection  of  railways,  the  minimum  of  the  conditions  to 
be  fulfilled.  It  is  for  the  Railway  Administrations  to  ensure  more  complete  gua- 
rantees of  safety  by  inserting  in  their  specifications  special  conditions  (resistance 
cross  the  grain,  resistance  to  bending  and  hammering)  according  to  the  quality  of 
the  iron  ordered  and  the  purpose  for  which  it  is  to  be  used. 

Most  of  the  iron  of  commerce  is  rolled  only  in  one  direction ;  certain  kinds  should 
however  be  rolled  in  both  directions  successively. 

3.  —  Ingot  iron  (Flusseisen). 

Ingot  iron  (or  mild  Bessemer  steel)  has  only  been  admitted  into  the  construction 
of  bridges  very  gradually.  The  writer  remembers  that  when  visiting  the  offices 
of  Sir  J.  Fowler  and  Mr.  B.  Baker  in  London,  in  1882,  he  was  somewhat  surprised 

to  find  that  it  had  been  decided  to  construct  the  Forth  Bridge  of  mild  steel.    This 

* 

metal  had  been  almost  abandoned  in  Austria  after  some  tests  made  from  1879 
1884,  which  do  not  seem  to  have  been  encouraging.  The  steel,  used  in  the  bridges 
where  it  was  tried,  should  have  had  a  breaking  resistance  of  64,000  lbs  per  square 
inch  (45  kilograms  per  square  millimetre)  with  a  sectional  contraction  of  45  p.  c. 

The  formula  used  at  this  period  stipulated  more  generally  that  the  sum  of  the 
numbers  representing  the  breaking  strain  (in  kilograms  per  square  millimetre)  and 
the  contraction  should  be  equal  to  90.)  The  specifications  were  very  strict  and  the 
iron-works  had  not  then  arrived  at  a  very  regular  method  of  manufacture,  for  many 
of  the  samples  of  iron  presented  were  rejected.*  An  accident  that  happened  to  the 
Talfcr  Bridge  (with  a  span  of  102  feet)  (31  metres)  in  which  several  pieces  of  steel 
were  broken  by  the  shock  of  an  empty  truck  that  hat  been  derailed,  and  some  other 
accidents  of  still  more  recent  occurrence,  seemed  to  confirm  the  unfavourable 
impression  caused  in  Germany  by  the  comparative  experiments  made  at  the  Harkort 
Works,  Duisbourg,  on  iron  and  steel  girders ;  these  led  to  the  temporary  abandon^ 
ment  in  Austria  of  these  metals.  However,  bridges  soon  began  to  be  constructed 
again  with  steel,  such  as  is  produced  by  the  Siemens-Martin  process. 

In  Germany  the  ingot  and  steel  industry  was  more  advanced  than  in  Austria  at 
the  same  time,  and  even  than  in  France  from  certain  points  of  view.  Thus,  whilst 
in  this  latter  country  the  use  of  mild  steel  plates  for  boilers  had  been  temporarily 


iibaiiilunuil  iibnut  188(1,  this  niclal  wus  in  pmtty  ^jriionil  use  uii  certiiin  (lorniari 
railways  in  18A1. 

It  is  to  the  Prencli  Ailnilrally  l>epai'lmont  Dint  wcnwe  tl1egre.1l  prugress  rcAliU'il 
in  Prance  in  the  employment  of  mnllenble  metal  for  purposes  of  cnnstnictioo;  Itiuir 
BUCCRfis,  which  lias  been  complete,  is  due  to  two  causes.  Tliey  liavo  souglil  In  pro- 
duct^ in  this  metal  iron  of  superior  (jiiality  nnil  not  steel ;  and  they  have  requimt 
from  the  ironworks  that  supply  them  absolute  huniogeneily  as  Ut  all  rUraishd 
piecos.  Their  requirements  in  thi»  last  respect  have  certainly  rendered  considenhle 
service  to  metallurgy;  the  French  works  are  now  in  a  position  to  manufacture,  ttven 
with  the  converter,  mild  slfwl  with  a  resistance  within  1  1/4  tons  per  square  ini-b 
(2  kilograms  per  square  millimetre)  above  or  below  the  limit  ooncertiing  quality  they 
try  to  produce,  and  the  elongation  of  which,  for  a  given  resistance,  is  almosi 
constant.  The  engineers  of  the  French  navy  consider  that,  for  naval  conslrudioD 
ingot-iroa  (which  they  designate  by  the  name  of  mild  stool)  is  preforable  to  welJ 
iron,  not  only  as  regards  economy  and  lightness,  but  also  as  regards  resistBiiw  lo 
shocks. 

The  success  obtained  in  the  construction  of  vessels  nxposed  to  violent  shook*  anil 
continual  distortion,  could  also  he  achieved  in  the  construction  of  brid);es,  that  is, 
if  metal  of  the  same  quality  were  used  and  the  same  precautions  taken ;  besides  willi 
the  present  titling  up  of  iron  works,  it  is  merely  a  question  of  care. 

As  for  weld  iron,  so  the  best  method  of  ascertaining  the  quality  of  ingot-lruD  or 
mild  steel  consists  in  measurhiK  the  resistance  to  tensile  strain  and  the  elongation  I'i. 
but  these  measurements  are  in  this  case  of  much  greater  imporluace  since  Ibey 
alone  show  the  nature  of  the  metal  and  its  homogeneity.  In  short,  whervat  the 
different  qualities  of  puddled  irou  produced  by  the  same  works  present  only  com- 
paratively slight  ditlerences  of  resistance  and  elongation,  we  can  with  the  same  ore 
produce  in  the  Bessemer  converlur  and  oven  in  the  Siemens-Martin  furnace  all  Hit 
varieties  of  malleable  iron,  from  almost  pure  soft  iron  to  hard  steel;  the  same  charge 
even  may  produce  ingots  of  diiferent  hardness  and  the  ingots  themselves  are  only 
homogeneous  if  the  casting  has  bwn  comlucted  with  certain  prec:mtion.  Wo  lli«rv- 
fore  really  only  know  the  quality  of  thi'.  steel  by  the  tests  lo  which  it  is  siibJoct«d; 
but  these  tests  can  only  be  considered  conclusive  if  tbey  furnish  proof  tliat  Ibv 

[*)  It  wuuld  be  useful  U>  decerroine  also  the  limit  of  elasLk'ily ;  up  to  the  pntspnt  ci^inocrs  hwre 
been  dewrred  by  tlie  unmirtaint;  attending  this  measurement ,  nhioli  it-  vin-r  ilnlinle  wh^n  pa^ 
formed  bv  the  ordiniiry  rnollHids.  'I'lw  spec ifieati oils  thoreton;  genei-ally  df^  t>ii|i  ilie  bnakaif 
atruu,  tlio  elnogatioa  and  Uie  custracUuu  (of  the  section  broken). 
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samples  of  steel  presented  for  acceptance  satisfy  generally  the  stipulated  conditions. 
We  cannot  in  fact  try  the  pieces  tliat  are  really  used,  and  it  would  be  almost  impos- 
sible to  try  samples  of  all  the  bars  from  which  these  pieces  are  cut.  The  rejection 
of  the  lots  from  which  the  test  pieces  have  been  taken  that  have  given  unsatisfactory 
results  does  not  therefore  give  us  any  guarantee  against  the  employment  of  bars  of 
the  same  quality  unless  we  can  assure  ourselves  that  they  are  of  homogeneous 
quality.  Now  it  is  easy  to  see  not  only  that  the  employment  of  hard  steel  instead  of 
mild  steel  introduces  into  the  work  an  element  of  brittleness  but  that  the  juxta- 
position in  the  same  piece  of  elements  that  are  not  homogeneous  has  the  effect  of 
diminishing  its  resistance  to  an  extent  that  is  often  very  considerable  (i).  To  con- 
vince ourselves  of  this,  we  have  only  to  draw  out  on  the  same  diagram  the  curves 
representing  the  resistances  of  the  various  kinds  of  steel  taking  for  abscissae  the 
elongations  and  for  ordinates  the  ultimate  tensile  strains  of  the  bars  of  different 
qualities  considered.  If  we  suppose  these  bars  to  be  of  equal  section,  and  to  be 
arranged  so  that  they  cannot  be  elongated  independently  of  one  another,  like  the 
flange  plates  of  a  double  T  girder  for  instance,  we  see  that  for  each  value  of  elon- 
gation, the  resistance  of  the  whole  will  be  about  the  sum  of  the  ordinates  of  the 
curves,  measured  for  the  corresponding  abscissa.  At  the  moment  of  breaking  of  the 
hardest  bar,  the  other  bars,  if  the  difference  of  the  coefficients  of  elongation  is  great, 
will  still  be  a  long  way  from  the  strain  represented  by  their  breaking  strain. 

It  is  to  effects  of  a  similar  nature  produced  in  a  bar  even  and  to  the  molecular 
tensions  resulting  from  irregular  tempering  or  from  mechanical  strains  that  we 
must  attribute  in  the  majority  of  cases  the  brittleness  so  often  attributed  to  steel  (*). 
These  strains  are  not  produced  in  mild  steel,  at  least  not  to  any  important  extent, 
when  its  resistance  is  less  than  64,000  lbs  (4S  kilograms  per  square  millimetre),  as 

(*)  It  is  probably  to  effects  of  this  kind  that  we  must  attribute  the  unfavourable  results  arrived  at 
for  steel  during  the  comparative  tests  made  in  1877,  at  the  request  of  the  Dutch  engineers,  at  the 
Harkort  Works,  Duisbourg. 

The  results  of  tests  of  elongation  are  only  comparable  if  the  test  pieces  have  the  same  or  geo- 
nietrioally  similar  dimensions.  In  France,  the  two  formulae  /*  =  80  S  and  /«  =  50  S  are  generally 
used  to  measure  the  ration  of  the  length  to  the  section.  The  conditions  laid  down  in  Austria 
satisfy  the  firet  of  these  two  formulse,  where  the  length  I  and  the  section  S  are  estimated  in  centi- 
metres. The  corresponding  cylindrical  test-pieces  are  8  diameters  in  length.  In  Germany 
Professor  Bau8chin«ror  has  recommended  test  pieces  10  diameters  in  length;  they  arc  used  by 
some  Railway  Administrations. 

(*)  Notwithstanding  the  general  opinion,  the  perceiitjige  of  carbon  does  not  of  itself  enable  us  to 
estimate,  even  approximately,  the  hardness  of  different  qualities  of  steel.  This  depends  in  fact, 
on  other  elements  (manganese,  phosphorus,  silicion,  etc.)  which  are  always  associated  with  it  to 
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"ififl  not  very  much  alfecled  by  Ihi'  tempering  and  as  its  malleabilily  almost's 
the  clTects  of  mechanical  strains;  Tor  this  reason  constructors  have  up  to  the  present 
agreed  to  fix  the  resistance  of  mild  sled  to  he  used  for  bridges  below  this  limit  oral 
any  rate  below  71,100  lbs  (30  kilograms  per  square  inchl.  There  are,  however. 
slight  diH'erences  of  opinion  on  this  point;  whereas  some,  wishing  above  all  lo 
avoid  the  rfft'cls  of  tempering  limit  the  maximum  of  n'sistance  to  62,000  nr 
Bi.OOO  lbs  li-i  or  43  kilograms  per  square  mitiimelrelCj;  others,  trj'ing  to  raise  the 
rfslstance  and  the  limit  of  elasticily  as  high  as  prudenc*-  will  allow,  prefer  a 
somewhat  harder  miHal  the  resistince  of  which  may  amount  In  71,100  lbs  (BOtilo- 
grams  per  square  millimetre)  <*) ;  for  the  Forth  Bridge,  the  limit  of  82,500  lbs 
(38  kilograms  per  square  millimelre)  has  even  been  allowed,  but  only  for  those 
parts  in  compression.  The  elongation  varies  almost  in  inverse  proportion  lo  the 
resistances ;  it  is  best  to  order  it  as  great  as  the  normal  condittnns  of  manufacture 
will  allow;  we  may  assume  that  the  elongation,  measured  ou  lest  pieces  8  indies 
(SO  centimetres)  long  and  with  3/4  of  a  square  inch  io  square  centimetres)  of  section. 
should  be  at  least  24  p.  c.  fora  resistance  of 39,730  lbs  i42  kilograms),  siid  at  IohbI 
20  p.  c.  for  a  resistance  of  71,100  lbs  iSO  kilograms;.  We  can  scarcely  inditali' 
generally  which  quality  should  bo  employed  in  preference.  For  work  on  s  large 
scale,  in  which  it  is  important  to  be  able  to  raise  the  coeflicieni  of  resistance  of  Ihe 
metal  inordertoreduco  the  weight,  and  the  details  of  which  arc  likely  lobe  subjech'tl 
tu  careful  scrutiny, there  is  evidently  every  advantage  in  employing  steel  with  the 
greatest  possible  resistance;  for  bridges  with  shortiT  spans  where  tho  coeflideDt ot 
resistance  has  less  influence  on  the  weight  and  the  execution  of  the  work  is  not  sub- 


D  greater  or  less  cztenC.  Maagaaese.  particularly,  is  even  introduced  during  tliemauuhctureefBi 
in  the  Bessemer  and  Tlinmas  Gilclirist  processes,  fur  wliich  It  is  indispensable. 

(')  When  tli£;  basic  process  is  eniplojed,  wi3  cannot  produce  vcn'  hard  sioel,  but  the  resistww 
of  the  meUl  can  vary  from  57,000  to  a"j,000  lbs  [40  to  fiO  kilogramB]  or  oven  more.  We  cm  *• 
what  vast  diff>7i-ences  can  occur  in  the  nnture  and  qualitr  of  tiie  metal  from  thu  foUowinfr  fad : 

For  the  construction  of  the  Arnbem  bridge  in  187G,  iJie  Dutch  engineers  had  arrui^'ed  rorlto 
oinplojmcnt  of  steel  offering  a  minimum  resistance  of  85,000  lbs  (60  kilogmmsi.  and  a  ininiDUix 
elongation  of  17  p.  c.  The  resistance  of  the  burs  submitted  for  appi-ovol  v%rio<]  from  Tt.lWI 
to  110,900  lbs  (50  to  IS  kilograms),  and  their  elongation  fi-om  5.1  to  22.3  p.  c.  The  umplo 
rejected  aniount*!d  to  40  p.  c.  For  tlic  Nimeguen  bridge,  constructed  about  the  same  limr.  tk 
resittauce  vnried  from  79.600  to  101 ,000  lbs  (56  to  71  kilograms)  and  tUo  elongation  frum  4 '" 
27  p.  c;  in  this  (4se  llie  rejections  amounted  to  40  p.  c. 

('i  In  the  works  that  are  most  noted  for  the  quality  of  (hdr  slc^.  ihn  qualiicof  Ihe  iiu'tal  pn^ 
need  from  ench  rhurgc  is  delcnniiicd  not  only  !iy  mechanieul  tests,  but  tu-  clieniiciii  nniilrsts,  ena 
wheu  no  leet  is  domnnded  bj  Ihe  buvr^rs. 
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jected  to  such  minute  examination,  it  will,  generally,  be  best  to  use  a  softer 
metal. 

The  use  of  mild  steel  in  bridges  requires  special  precautions ;  the  holes  for  the 
rivets  must  be  drilled  instead  of  punched,  or,  what  is  simpler,  the  holes  may  be 
punched  to  a  diameter  2/2S  to  3/2o  of  an  inch  (2  to  3  millimetres)  less  than  the 
diameter  required  and  then  rimed;  we  must  also  avoicl  shearing  the  bars  and 
drifting  the  holes.  Still  these  precautions  are  only  absolutely  indispensable  when 
the  resistance  exceeds  64,000  lbs  (48  kilograms). 

In  short,  from  all  the  information  that  we  have  gathered  and  a  great  deal  of  which 
has  been  supplied  by  our  eminent  colleague  and  former  collaborateur  H.  Charles 
Bricka,  it  follows  that  almost  throughout  Europe  the  coefficients  of  breaking  and  of 
elongation  really  admitted  for  mild  steel  to  be  used  in  bridges  do  not  greatly  differ 
from  those  admitted  by  the  Congress  during  its  third  session  at  Paris,  in  1889  (*) ;  the 
extent  of  the  interval  within  which  each  coefficient  should  be  comprised,  has, 
rightly  or  wrongly,  been  greatly  varied,  at  the  same  time  the  values  prescribed  being 
increased,  so  that  really  the  conditions  imposed  seem  to  be  extremely  variable. 

4.  —  Diagram  of  the  coefficients  of  breaking  and  of  elongation. 

During  the  course  of  the  year  1891,  endeavours  have  been  made  in  Austria  to  con- 
solidate and  ameliorate  the  conditions  of  acceptance  of  the  mild  steels  to  be  used  in 
bridges,  with  the  object  of  obtaining  a  metal  as  homogeneous  as  possible  for  each 
class  of  structure.  In  Germany,  a  similar  movement  has  been  set  on  foot  by  bridge 
engineers.  But  the  Association  of  metallurgical  engineers,  at  the  sitting  of  1889,  at 
Dusseldorf  (*),  passed  a  series  of  resolutions  according  to  which  mild  steel  for  bridges 
shoud  have  an  elongation  of  20  p.  c.  the  breaking  strain  varying  from  54,000  to 
64,000  lbs  (38  to  4S  millimetres).  These  stipulations  were  regarded  as  authoritative 
for  some  time  in  Germany,  where  more  than  20  p.  c.  of  elongation  could  not  be 
demanded  from  manufacturers  for  any  quality  of  mild  steel ;  England  was  quoted 
with  regard  to  this  subject,  as  the  Board  of  Trade  did  not  demand  a  greiiter  elongation 
than  this.  The  iron-masters  of  Austria  therefore  agreed  amongst  themselves  that  they 
would  not  accept  any  specification  requiring  an  elongation  of  more  than  20  p.  c, 

(*)  Elongation  of  24  to  22  p.  c.  for  breaking  strain  of  56.900  to64,0001bs(40to  45  kilograms). 
(*)   Vorschriften  fiir  Lieferungen  von  Eisen  wid  Stahl,  aufgestelU  vom  Vereine  detAtscIier 
Eisenhuttenleuie,  DUsseldorf,  1889. 


;inil  even  the  Association  tif  Engiiie«r.H  iind  Arcliilccts  of  Austria  wlio  look  I 
(Iijtislion  for  a  lime,  cnulil  obtain  no  further  I'oncj^ssion  from  lliem. 

In  1891,  the  Commcrcu  Doparlmenl  adinitteil  the  neceasily  of  esUiblishtng  com- 
pulsory rulex  as  to  tlie  contlitions  to  be  ii»pos<!(l  upon  niniiufaclurers  for  slenl 
[FtusseUen]  to  be  uaerl  in  the  conslruclion  of  bridges.  On  this  occasion  the  writer, 
who  was  also  the  reporter  to  tho  commitle*'  of  inquiry  nominated  by  the  departntenl. 
had  to  collect  all  the  upecitica lions  then  in  use,  and  also  tbn  regulations  issued  by 
the  Govprnmcnts  in  errliiin  countries.  It  was  by  showing  those  inlereatnl  that  in  a 
^reat  number  of  cases,  particularly  in  France,  Russia,  and  North  liermany  (')•  Hx" 
acceptance  or  rejection  of  stee!  was  carried  out  according  to  very  severe  spedfica- 
lions,  that  an  understanding  was  al  length  arrived  at  based  on  very  fair  cunditJons. 
which  are,  mon'ovor,  very  similar  to  those  voted  by  the  Congress  during  the  thini 
session  at  I'aris,  in  1889.  The  urdonnance  of  Ihe  Commerce  Ik^partment  i>f  Ihc 
29  January  1892,  fined  these  conditions  definilively,  viz  :  for  a  breaking  strain 
varying  from  49,800  to  64,000  lbs  per  square  incli  (3fi  to  4.'i  kilograms  per  square 
millimetre),  an  elongation  of  SK  to  32  p.  c,  measured  on  t«st  pieces  H  tnobes 
fSOO  millimetres)  long  and  having  '^4  of  a  square  inch  (iiOO  square  millinietres)  nf 
section.     For  extra  mild  slcci,  intended  for  rivets,  an  elongation  vaning  from  32 

10  26  p.  c.  was  allowed  for  a  breaking  strain  of  49,800  to  ,"»(i,900  lbs  (33  In 
40  kilograms),  In  the  course  o(  the  year  1892,  Ihe  Commerce  Departmeni 
appointed  a  Committer  of  Inquiry  for  consolidating  the  detailed  technical  condi- 
tions of  specifications  with  regard  lo  Ibe  accepMnce  of  iron  intended  for  bridgi?s. 

11  was  then,  that  on  the  basis  of  the  conditions  already  fixed  by  the  ordinance  of  th'- 
29tb  of  January  1892,  and  with  the  aincurrence  of  the  Administration  of  the  State 
Railways,  and  the  principal  private  Railway  Administrations  and  the  most  impor- 
tant ironworks  of  Austria,  a  kind  of  standard  specification  wa.i  established.  This 
contains  all  those  technical  conditions  for  which  an  agn-emenl  lias  been  entered 
into  on  this  understanding,  that  more  ciui  be  demanded,  but  never  leas.  Wf 
Ihink  thai  particularly  as  regards  bending  teals  made  with  bars  partly  cut  and  bars 
intact,  according  to  conditions  depending  both  on  the  thickness  and  the  hardness 
of  the  test-pieces  aca'pled,  the  stipulations  then  maiie,  on  the  basis  of  numerous 
experiments,  are  not  wanting  in  interest  fur  our  colleagues  of  other  nation^ 
We  have  therefore  given  this  standard  spndficiition  in  Ihe  appendix  tn  c 


(I)  In  thise  tllrep  countries  an  alongatioii  o(  25  p.  i 
created  no  difficulty  as  to  lie  ]iasBiii(r  of  samples. 
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We  also  add  a  diagram  (plate  II)  which  we  have  drawn  up  with  the  object  ot 
comparing  the  conditions  as  to  breaking  strains  and  elongations  laid  down  for 
different  qualities  of  steel,  in  the  various  specifications  sent  to  us,  and  which  seemed 
to  us  characteristic  (*). 

What  at  once  strikes  the  eye  with  regard  to  our  diagrams  is  the  tracings  of  the 
hyperbolas  of  «  quality  to  from  7  to  13,  that  are  observed  to  incline  slightly  to  the 
right.    The  idea  of  these  curves  is  based  upon  the  opinion  of  metallurgical  engineers 
that  for  the  same  furnace,  the  same  original  materials,  and  all  other  conditions  being 
equal,  the  metals  of  various  qualities  as  to  hardness  produced  give  elongations 
varying  almost  in  inverse  ratio  to  the  breaking  strains.    This  is  a  fact  that  has 
already  been  quoted  by  our  eminent  collaborateur  M.  C.  Bricka,  at  the  time  of  the 
sectional  discussions  of  this  question  at  the  session  held  in  Paris,  1889.    Now,  to 
admit  this  empirical  law,  is  to  admit  that  for  the  same  quality  of  metal  produced, 
the  two  functions  (breaking  strain  and  elongation)  serving  as  coordinates  in  our 
table,  have  a  constant  product.     This  at  once  leads  us  to  the  conception  of  the 
hyperbolas  of  k  quality  »  that  figure  in  our  table  and  for  which  the  constant  product 
in  question  remains  equal  to  7,  8,  9,  13,  etc.     If  we  glance  over  our  diagram  from 
the  softest  metal  with  a  breaking  strain  of  49,800  lbs  (35  kilograms)  to  the  hardest 
metal,  that  used  for  the  Forth  bridge,  we  are  led  to  think  that  the  idea  of  curves  of 
((  quality  »  is  justified  by  the  facts  stated.     It  seems  to  follow  that  the  horizontal 
lines  representative  of  the  specifications  should  give  place  to  oblique  lines  similar 
to  those  resulting  ft^om  the  standard  specification  of  Austria.     We  might  say  for 
instance  :  the  metal  to  be  supplied  should,  according  to  the  breaking  strains  and 
elongations  measured,  remain  within  the  limits  of  the  curves  of  a  quality  »  9  and  11. 
We  should  thus  include  almost  all  the  acceptable  qualities  of  steel  of  our  table,  for 
if  certain  specifications  seem  to  attain  the  curve  12,  we  can  assume  that  the  metal 

(*)  We  regret  having  been  obliged  to  leave  out  a  large  number  of  specifioatiooB  owing  to  want 
of  space,  for  the  elongation  of  20  or  25  p.  c.  is  demanded  so  often,  that  the  lines  referring  to  them, 
placed  one  over  the  other,  would  merely  confuse  the  diagram.  Thus,  according  to  a  conununic- 
ation  from  our  colleague  M.  Werchovsky,  the  regulations  of  the  Russian  Government  of  the  25th 
of  August  1888  prescribed  25  p.  c.  of  elongation  for  a  breaking  strain  of  48,350  to  56,900  lbs 
per  square  inch  (34  to  40  kilograms  per  square  millimetre^.  According  to  a  communication  from 
our  colleague  M.  Baker,  the  Board  of  Trade  generally  prescribes  an  elongation  of  20  p.  c.  for  a 
breaking  strain  of  58,300  to  66,850  lbs  (41  to  47  kilograms),  and  it  is  only  under  exceptional 
circumstances  that  the  employment  of  a  much  harder  steel  has  been  sanctioned  for  the  Forth 
bridge,  the  conditions  of  which  are  to  be  found  at  the  right  of  our  diagram.  According  to  the 
pamphlet  ;  I primi  ponti  (Tacciaio  constndti  stUle  strode  ferrate  del  Mediterraneo  (Rome  \d&Z) 
an  elongation  of  25  p.  c.  is  allowed  for  a  breaking  weight  of  about  62,600  lbs  (44  kilograms). 
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rciilly  producisd  willi  the  required  elongnlion,  will  remain  generally  below  Lime  II 
as  to  the  breaking  strain  [>!. 

\Vr  are  of  opinion  that  perhaps  precisely  on  awAunl  ol'  llie  reasons  thai  we  liaiv 
just  quoted,  the  reprcsenUilive  horizontal  lines,  employed  up  lo  now,  suit  very  well 
when  we  arc  considering  a  special  consignement  of  metal,  since  the  available  mati/iin 
given  lo  the  right  for  the  breaking  strain,  involves  no  inconvenience,  whilst  ttii^ 
minimum  elongation  particularly  speciRed  should  ensure,  as  ftir  as  possible,  the 
homogeneity  of  the  metal  supplied.  We  Ihinlv  Iherefore  that  a  curve  of  qualily 
should  only  be  considerftd  as  the  geometrical  locus  of  the  left  extn-mities  of  the 
horizontal  representative  lines  to  be  prescribed  in  each  case. 

In  Ibis  sense  also  we  must  consider  the  oblique  representative  lines  of  the  Auslrian 
standard  specification  or  of  the  vole  issued  by  the  Congress  at  Paris.  1889.  In  (in- 
clusion, we  think  that  the  attention  of  the  Congress  should  be  drawn  to  a  point  still 
unsettled.  In  Austria  it  is  at  present  stipulated  that  the  metal  lo  be  supplied  for 
bridges  shall  be  produced  by  the  open  hearth  process  (^/ammo/Wi,  Matiin  Siefnens. 
The  greater  number  of  English  engineers  also  specify  this,  In  North  (iemiany  ini 
in  France,  metal  produced  by  the  converter  (Thomas  Gilchrist  process,  etc.)  is  also 
aco'ptfid.  It  would  be  an  advantage  for  this  verj-  delicate  question  to  in.'  discussed 
before  the  Congress  in  1895. 


r.  —  Limits  oI'  intkiin.m.  stihin  to  he  aii,(iwki»  in  the  jietai,. 

1.  —  Theories  ami  fonniiln:  (or  the  working  slrain  in  the  melnl. 

For  the  last  thirty  years  railway  engineers  have  been  convinced  that  only  ll)OS« 
qualities  of  iron  that  satisfy  certain  determined  conditions  should  he  aca'pti'd  for 
bridges,  and  that  the  working  strain  to  be  allowed  per  unit  of  surface  of  the  mi'Ui' 
used,  should  be  regulated  by  a  higher  limit  for  large  bridges  than  for  small  unM. 


(')  The  lines  representing  the  larpc  bridge  over  the  Danube,  near  Cwrnawodii.  now  in  wul* 
of  construction,  correspond  well  with  tlio  test  of  the  specification.  But  thrsuconditioniarvM' 
Ritcmative.  and.  w  ith  regard  to  rivets  in  particular,  it  is  probable  lliai  undeJ-  tJio  ordinat?  fc"" 
ilidientod  here,  they  will  not  be  njalised.  Moreover,  Roumanian  enRineers  have  introduced  a  K"* 
and  very  inl«rusting-  method  for  measuring  the  elongation.  We  deduct  from  ihe  normal  ieng^ 
I  =  8  inches  (2()0  millimetresl]  of  the  lest  pieces  tlie  I  1/5  iiuli  (30  millimetres)  comprUiDg  fl* 
L-ontntction  near  the  broken  section,  and  we  distribute  Uio  ctongnUon  over  llw  ninuiiiung  p«t,  rf 
course  preacribing  less  severe  conditions  on  this  account. 
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adopted,  i,  e,  to  our  theories  on  the  resistance  of  materials  which  only  relate  to  very 
slight  strains  J 2,800  lbs  per  square  inch  [9  kilograms  per  square  millimetre) 
within  the  limit  of  elasticity  of  the  material. 

Towards  the  middle  of  this  century,  engineers  soon  went  back  to  cast-iron  girders 
of  symmetrical  section  (*)  and  after  more  than  20  years  of  useless  discussions  relat- 
ing to  the  new  theories,  we  have  simply  resolved  to  return  to  the  known  laws  relat- 
ing to  the  elasticity  of  materials  (*),  which  we  can  reconcile  with  the  practical  rules 
mentioned  above,  without  exceeding  the  somewhat  restricted  limits  imposed  upon 
constructors.  The  formulae  and  theories  according  to  which  the  limit  of  the  ele- 
mentary working  strain  to  be  allowed  in  all  possible  cases  would  depend  solely  on 
the  interval  within  which  the  strains  acting  on  a  certain  part  of  the  structure  oscil- 
late, have  never  been  accepted  by  the  Commerce  Department  of  Vienna,  where  they 
were  found  no  to  be  in  accordance  with  the  principles  admitted  in  the  calculations 
of  resistance.  At  the  time  of  the  investigations  which  preceded  the  publication  of 
the  Austrian  regulations  of  the  15th  of  September  1887  the  most  important  particu- 
lars of  the  results  obtained  by  Professor  Bauschinger  of  Munich  in  his  experiments 
on  the  limits  of  elasticity  of  materials  (3)  were  already  known;  there  was  therefore 
no  occasion  to  discuss  methods  of  calculation  which  were  proved  to  be  of  little  value. 

Nevertheless,  as  the  formulae  concerning  these  methods  and  known  as  Wohler's, 
Gerber's,  Launhardt's,  Weyrauch*s  formulae,  have  been  very  generally  used  and  fre- 
quently applied  in  Germany  and  are  even  in  favor  in  France  with  certain  engineers, 
we  think  it  best  to  speak  of  them  here,  quoting  them  in  the  form  in  which  they  have 
been  most  used  lately  (^). 

(*)  See  pages  62  to  74  of  the  work  by  Lovk,  already  quoted,  then  pages  79  to  1 II  of  Pirel*s 
work  already  quoted,  for  studies  of  uiisymmetrical  sections.  Then  see  p.  23  of  the  work  already 
quoted  by  L.  Bresse  (edition  of  1859)  for  the  sudden  revulsion  then  observed  in  favour  of  symme- 
trical sections  attributable  to  the  fact  that  the  coefficients  of  elasticity  are  almost  equal  for  com- 
pression and  extension. 

(«)  See  amongst  other  works  an  article  by  MM.  Laisslk  and  SchUbler,  of  the  4th  of  April  1885 
[Cmtralblatt  fUr  Bauterioaltimg,  n»  14)  in  which  these  well  known  practical  engineers  make  a 
formal  opposition  to  Winkler's  propositions. 

{*)  Sec  Mtttheilungen  aus  dem  lech,  mechan  Laboraiorium  der  h.  techn.  Hochschule  in 
Munchffi,  J.  Bauschinger.  Th.  Ackermann,  Munich,  1886,  13.  Heft.  —  See  also  the  articles  in 
the  Annates  desponts  et  chauss4es  for  December  1886  and  December  1887.  M.  Bauschinger  has 
died  since,  deeply  regretted  by  engineers. 

(*)  It  would  be  incorrect  to  assert  that  the  theories  and  formulae  in  question  hare  entered  quite 
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\\c  will  call  : 

iS.i the  strain  leust  iji  absolute  value  coming  upon  a  ceitain  part ; 

S.«      ....  the  strain  greatest  ia  abMilutc  value  coming  upon  ilie  unit-  {wii ; 

(fl a  wrtain  initial  limit  of  the  international  working  stiiiiii ; 

I the  limit  ii(  wurkitig  strain  to  be  taken  into  account. 

TlicD,  according  as  the  strains  S  arc  in  the  same  tlirection,  or  in  opposite  direc- 
tions, the  theories  in  question  lead  lo  the  rollo\vin^'  formulae  :  — 

« '"-hm    '-('-ife) 

which  may  be  merged  into  one  if  wc  use  S  in  an  algebraical  sense. 

Tills  amounts  really  to  staling  that  for  a  girder  bearing  a  load  conslanlly,  we  can 
increase  io  by  half  its  value,  nhereas  in  the  case  of  strains  sometimes  alternatiog,  vee 
must  decn'ase  {„  by  half  its  value. 

Now  these  formulae  do  not  lake  into  account  the  span  or,  what  amounts  to  the 
same  thing,  the  ratio  of  the  moving  load  to  the  dead  load.  Ttiey  only  take  tbi'.sc 
particulars  into  account  indirectly  in  the  case  of  strains  of  the  same  kind,  since,  for 
iqcreasing  spans,  the  ratio  of  the  dead  load  to  the  total  load  goes  on  increasing,  and 
therefore  causes  the  ratio  of  S^  lo  S_  to  increase.  This  happens  for  instance,  if 
we  are  calculating  the  chortis  of  a  girder  resting  freely  on  l«o  supports.  Thus, 
if  we  taki'  for  iron  i"  =  10,000  lbs  per  squart>  incb  (7  kilograms  per  square  milli- 
metre), agreeing  witli  the  authors  of  this  theory,  we  fmd  : 

\  F«  UiB  spam.  ...  U  ft  |0  m.)         IX  ft  i«>  m.)        W  11  {9  n.)       30)  H  ,1»  m  .     '.aotl  '.UD  b.) 

^      M -l'Mworkln««rUll>.  {=  IO^OuUIMHH.)    llJU)lt>«[I.I  k.)    It.WU  lbs  ,8.1  k.)    It^SDO  lU  ,9 1..:    13,nQ  tbs  ,1J  k.: 

which  suits  fairly  well  and  agrees  to  all  intents  witli  what  is  generally  allowed, 
without  using  any  formula. 

Thus,  if  we  except  Ihe  somi'what  high  coefficit-nt  io  =  10,000  lbs  7  kilograms 
per  squart'  millimetre;  which  might  have  been  better  cbosen  as  ig  ^  9,250  lbs  iQ.Si 
or  io  =  9,670  lbs  (0.8)  so  as  to  agre*-  wilh  the  usual  prartio'  of  construclOTS,  vn 


ill  (.'■e]'mauv;ihe  Association  oF German  unions  of  an-bitects  aiiit  cngiocen  toidi 
up  the  qticsliou  »t  iiiolal  struciurcs  in  1886.  The  result  of  the  delitientioiis  was  a  kindof  standaid 
ppiviGcalion  ;  NormalbeiUiiffungen  flirdie  Lieferung  eon  EUencontttMttionrii  fur  Brfekm-  und 
Bochbau,  aufyeattllt  eom  Verbande  dfuttcher  ArehUeeteH-  und  Ingetiievr-Ven'irir,  He,  Tbe 
^peviHcBtion  slates  in  detail  the  scales  I-  be  allonej  Icir  tbe  materials,  but  ix^l  r|ic  limits  of  load 
and  elcmenljirv  working  strain. 


CM  allow  that  formula  (42)  for  sirains  of  the  sairn-  kind  give  results  Ihal  may  be 
accepted  for  the  culculation  nf  tlte  chords. 

The  same  cannot  be  said  for  the  wcb-bracing  and  the  difffrcnce  is  particularly 
pvident  for  thosi'  bars  that  are  near  the  middh?  of  the  span  whore  the  shearing  strains 
alternate  completely  and  give  S,,.  :  S„.  ■=  —  I,  which  would  require  according 
lo  llie  formula  thai  the  working  strain  of  the  iron  should  be  limited  to  5,000  lbs  per 
square  inch  (35  kilograms  per  square  millimetre)  wherever  possible  (for  bridges  of 
63  feet  [20  metres]  as  well  as  for  those  of  260  feet  [80  metres|).  L'sualy,  values  are 
fixed  thatvarj'  with  the  span;  the  limits  tliosen  increasing  with  the  ratio  of  the  dead 
load  to  the  total  load,  as  is  shown  indirectly  by  the  comparison  of  the  results, 
should  be  equally  suitable  from  this  point  of  view  for  all  the  component  parts  of 
the  same  girder.  Wbat  we  have  just  stated  with  regard  to  the  web-bracing  of 
bridges  with  independent  spans,  might  be  repeated  for  the  analogous  web-hracing  of 
bridges  with  conlinuus  girders  or  for  the  portions  of  the  chords  which,  in  these 
bridges,  correspoml  lo  the  intersection  points  in  Ihe  diagram  of  bending  moments, 
where  the  parts  of  the  parabolas  of  negative  moments  overturned  towards  the  lop 
cut  the  curve  of  positive  moments.  If  we  wish  to  apply  the  formula  strictly  to 
those  parts  of  the  chords  which  correspond  as  we  know,  lo  the  moments  that  arc 
least  in  absolute  value,  and  if  we  only  allow  for  them  a  working  strain  of  less  than 
5,000  lbs  per  square  inch  (li'S  kilograms  per  square  millimetre),  we  should  be  led 
not  only  not  to  diminish  the  sections  of  the  chords  at  Ibis  part,  but  even  to  increase 
them  on  account  of  the  continuity.  We  might  almost  say  the  same  of  the  chords 
situated  overthi'  whole  of  the  middle  of  the  spans,  where,  as  we  know,  the  negative 
moments  are  greater  than  the  positive  moment,  although  the  latter  also  attain  lo 
considerable  values. 

This  special  tlieorj'  then  would  lead  us  lo  allow,  for  continuous  girders  a  system 
of  sections  that  would  involve  not  only  extreme  complication  of  the  calculations,  but 
a  considerable  increase  in  the  weight  of  the  metal;  the  consequence  would  be  that 
the  arrangement  of  continuous  girders  sanctionned  by  long  experience  would  be 
abandoned,  unless  we  conclude,  on  the  other  hand,  ihat  the  formula  and  all  the 
deductions  drawn  from  it  lead  to  inadmissible  results. 

The  erroneous  principle,  represented  by  the  formula,  according  lo  which  the 
admissible  limit  of  working  strain  should,  wherever  possible,  depend  solely  on  the 
intenal  wilhin  which  Ihe  strains  oscillate,  and  might  be  chosen  as  much  higher  as 
this  inlerval  is  smaller,  contradicts  the  practice  of  constructors  the  laws  of  elasticity 
in  metals  and  slill  more  the  results  published  by  M.  Bauschinger  of  Munich  in  1886, 
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of  his  cKperimeDla  wilh  ret;aril  to  llie  liniils  ut'elaslJcily  in  various  kinds  of  iron  anil 
steel.  PI  ate -girders  strained  to  10,000  lbs  pei'  square  iiiuli  (7  kilo^runis  pur  square 
inillimelre/  at  the  time  a  train  is  passing  and  scarcely  to  1,000  lbs  per  square  imii 
(0*7  per  square  millimetre)  all  llie  real  uT  the  time,  will  no  doubt  prpserve  their 
elasticity  much  better  than  similar  }i[irders  belonging  to  structures  subjectt^id  uoii- 
tinuously  lo  the  greater  strain.  This  is  in  fact  a  general  principle  for  the  preserva- 
tion or  the  elasticily  thai  can  be  tesU^d  every  day  with  any  kind  of  spring,  either  by 
pulling  it  aud  then  letting  it  go  immediately,  or  by  keeping  it  constantly  atretdied. 


2,  —  H^viav  oj  the  limits  af  present  /ijcrf  in  various  coantries. 

We  will  now  quote  briefly  and  in  chronological  order  the  limits  recently  fixed  in     J 
various  countries :  I 

18B7.  AusTHiA.  —  The  Kegulations  of  the  Commerce  Department  of  the  Ifith  of    | 
Soplembcr  1887  fixes  these  limits  for  weld  iron,  according  to  the  span  : 


I   Sp.nlt 


lum  ib>.      it.sn  ii» 

(8.4  kllogr.)      (S-gkitosr.) 


For  intermetliale  spans,  we  must  proceed  by  rectilinear  interpolation;   the  I 
abscissae  arc  chosen  so  thai  we  shall  always  get  the  results  in  round  numbers.    For 
the  wind,   the  extreme  limit  is  14.200   llis  ilO  kilogramst  in  all  cases;  for  the 
shearing  strain,  it  is  8,fi00  lbs  |6  kilograms)  in  the  case  of  strains  of  the  same  kind, 
7,100  lbs  (S  kilograms;  in  the  case  of  strains  of  opposite  kinds. 

The  ministerial  ordinance  of  the  iHHi  of  January  1892  has  extended  the  use  of 
these  limits  first  to  Siemens-Martin  mild  steel.  There  has  not  yet  bwn  occasion  lo 
tix  higher  limits  for  exceptional  work  or  very  important  contracts. 

1888.  lUssiA.  —  The  ordinance  of  the  25th  of  August  1888,  fixes  these  limiU  for 
ingol  iron  or  mild  steel  according  lo  the  spiui  ami  the  parts  of  the  structure  as 
follows  : 


(45) 

ACCORDING  TO  THE  SIMS. 
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1891.  France.  —  The  ministerial  circular  of  the  29th  of  August  1891  fixes  these 
limits  as  follows  (i)  : 

Weld  Iron.  Ingot  iron.  (Mild  steel.) 

!  Main  girders  up  to  98  feet  (30  metres).     .     .  9,250  lbs.  (6.5  k.)  12,100  lbs.  (8.5  k.) 

Longitudinals  and  transverses  girders.     .     .  7,800  —   (5.5  k.)  10,700  —   (7.5  k.) 

Parts  subjected  to  alternate  strains.     .     .     .  5,700  —   (4  k.)  8,500  —   (6  k.) 

Main  girders  of  more  than  98  feet  (30  metres).  12, 100  —  (8.5  k.)  16,350  —  (1 1 .5  k.) 

For  the  wind  we  take  1,400  lbs  (1  kilogram)  more. 

1892.  England.  —  The  Board  of  Trade  in  the  new  regulations  keeps  generally  for 
steel  the  limit  of  14,600  (10'24  kilograms)  fixed  in  1889.  Consulting  Engineers 
themselves  establish  the  limits  which  they  allow.  For  the  Firth  of  Forth  the  general 
limit  has  been  raised  to  16,800  lbs  (11*8  kilograms),  in  consideration  of  the  excep- 
tional metal  used.  We  extract  from  a  specification  for  steel  issued  by  the  famous 
engineer  Benjamin  Baker  the  following  : 

Plate  girders,  main -girders,  traverses  gir-  Atwriing  to  th%  •»••. 

ders  or  longitudinals  runners     ....  10,080  to  12,300  lbs.  (7.09  k.  to    8.66  k.) 
Main  lattice-girders  or  truss-girders  accord- 

47)    ^      ing  to  the  span  and  the  parts  considered  .  12,300  to  15,700  lbs.  (8.66  k.  to  1 1 .02  k.) 

For  any  span. 

Wind-bracings  for  all  spani 19,000  lbs.     (13.38  k.) 

Shearing  strain  of  rivets.     ......  11,200—        (7.88  k.) 

For  weld  iron  9/10  of  these  values  are  allowed. 

1892.  Switzerland.  —  The  regulations  of  the  Federal  Government,  published 
August  19th  1892,  indicate  the  formulae  : 

Q 

/  Weld  iron 9,900  lbs  (7  k.)  zh  2.  - —  per  square  millimetre. 

(48)..  J^ 

(  Ingot  iron  or  mild  steel  .     .     .     11.375  lbs  (8  k.)  i^  2*5  -^  per  square  millimetre. 

For  the  wind  pressure  we  reckon  1,420  lbs  (i  kilogrotn)  more,  and  for  the  shearing 
stress  1/10  less  than  the  quantity  resulting  from  the  formulae.  These  regulations, 
moreover,  contain  fixed  formulae  for  compression  {ftambage)  by  buckling  (*). 

1892.  Italy.  —  Up  to  the  present  no  limits  have  been  fixed  uniformly  by  the 
Government.    For  weld  iron  the  old  coefficients  of  8,530  and  9,950  lbs  (6  and 

(*)  The  circular  addressed  simultaneously  to  all  the  prefects,  sanctions  the  employment  of  cer- 
tain continuous  formulse  for  cjilculating  the  limits  admissible;  we  do  not  take  them  into  account  as 
the  «*  regulation  **  fixes  the  figures  of  the  text  exactly,  whereas  the  formulae  merely  indicate 
them. 

(»)  A  delicate  question,  which  other  governments  have  preferred  to  leave  for  further  study, 
considering  that  the  formulse  employed  are  sufficient  for  practical  purposes. 


7  kilugrams)  are  allowed.     For  tlm  slei-'l  hridpos  toiislruclcil  by  lli«  iMeililurrj- 
nean  Hailway  Company  were  allowed  : 

r  the  chords  ot  the  main  girdere 14.200  lbs  ItOli.j 


I' 

(49)    I  For  iJie  woli-l)i-acing  <.'!  tlicse  yirdei's 
[  For  the  uprights  over  the  supports 


11. 3t 


7,100  - 


(5k.> 

1696.  Geiimanv.  —  According  to  a  comniunicatiun  from  the  Public  Works  Depitrl- 
menl  at  Berlin  which  reached  us  in  February  180,'!,  preparations  are  now  belni; 
made  to  render  unil'orni  for  the  Pnissian  railways,  the  limits  to  be  allowed  in  weld 
and  ingot  iron.  In  Saxony,  ten  years  ago,  the  formulae  (42)  known  as  the 
Launhardt-Weyrauch  formulae  were  used;  then  the  limits  depending  lioth  on 
the  moving  load  and  the  dead  load  came  into  force  agnin.  In  Bavaria,  the  fommlae^ 
known  as  the  Cerher  formulae  whiclj  are  very  complicated  came  into  use  again  a  fe^^— 
years  ago  ('I. 

According  to  the  latest  information  received  from  that  country  before  going  l<_, 
press,  some  new  rules  are  going  to  be  prepared  now. 
The  Bromberg  administration  (Prussia)  allowed  in  189!2  :  — 


I  For  transverse  gb^ers  ;iiul  loiifrituditiais 

1  For  main  girdcrB 

'    I  For  wuid-pressures 

\  For  main  girders  of  4'23  feet  1 129  metres)  , 


8,530  Ihs    (G  k-) 
H1.660--    (7.5  k.) 
15.650—  (II  k.) 
14.220—  [10  k., 


The  Hanoverian  administration  (Prussial  allows,  for  189i)  : 

(51)    '  "■"  *~""'"' 


(  For 


transverse  girders  mid  longitudinals 
mikin  girders 


8.530  lbs    (flk.) 

lO.Ueti—     (7.5  k.) 


9.050  lbs  (7  k.) 
12,8011—  (aM 


■  The  writer's  conclusions. 


To  sum  up,  we  see  that  the  extreme  limits  allowed  vary  for  weld  Iron  fforo 
8,SO0  lo  12,800 lbs  [6  to  9  kilograms),  and  for  steel  from  9,24JI  to  17,070 lbs  ifiSto 
12  kilograms),  and  even  19,050  lbs  (IS-i  kilograms)  for  wind- pressures  in  *er) 
large  bridges. 

We  wished  to  liod  out  what  wo  could  obtain  practically  by  the  help  of  formula. 
Taking  for  S^  :  S^  not  the  ratio  as  demanded  by  the  publishers  of  formulae,*"' 
Ike  ratio  of  the  dead  load  lo  the  total  load,  so  as  to  agree  with  the  great  majority  o( 
constructors,  we  find  that  the  formulae  would  givi'  ri'sulls  that  could  be  acccptcJ. 


(')  With  regard  to  this  point  we  refer  tlie  reader  to  jwiges  1 12  and  1 
quoli-d  :  Vahult  des ponU  mHalliques,  Paris,  Baudrv,  ItfHII. 


if  the  work  aimi* 
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being  available  for  all  main-girders.     Starting  from  this  point  of  view,  we  calcu- 
lated the  ratio  S^  to  S„„  =  R  according  to  the  mean  value  of  the  weights  taken  from 
chapter  VI. 
According  lo  the  scale  a  of  the  heavy-trains y  drawn  up  in  chapter  HI,  we  find  : 


(52) Comparative  table  of  formulae. 


'nlB. 


Spans. 


!  ^* 

33' 

66' 

131" 

197' 

262* 

328* 

!    0 

(10  m.) 

(?0m.) 

(40  in.) 
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(80  m.) 
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022 

0-32 

0-40 

0M8 
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394' 
(120  m.) 
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459* 
(140m.) 
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(160  m.) 
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8-534    jl  +--R).  . 

(i  +  1r).. 
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=  i 
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9-672      1  +  -  R  .  . 


=  i 
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2      / 
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(8-3) 

12  09fj 
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11-378+ 2-5 R (1422-3).  =  j  ^^'^'^ 
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(7-3) 
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95d0 

(6-7) 

10-240 
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10  667 

(7^) 
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(7-8) 
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13-370 

(9-4) 

10-525 

(7-4) 

12-232 
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(7-0) 

10  667 

0-5} 

11-236 
(7-9) 
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13-654 
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14-081 
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10-809 

('-6) 

12-516 

•   (8-b) 


lbs 

10-240 
(7-2) 

11-094 
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11-663 

(6-2) 

11-947 

(8-4) 
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(10-0) 
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;10-2) 

11-094 
(7-8) 

12-800 

(9-0) 
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10-525 

(7-4) 
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(8-5) 

12-374 

(8-7) 
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13-066 

(9-2J 


lbs 

10-809 

(7-6) 


11-663 
^8-2 

12-374 

(8-7) 

12-668 

(8-9) 

14-934 

(10-5) 

15-361 
(10-8) 

11-520 

(8-1) 

13-227 
(9-3; 


lbs 

10-952 

(7-7) 

11  947 

(8-4) 

12-516 

(8-8) 

12-800 
(9-0) 

15-361 
(10-8) 

15-645 

(11-0) 

11-663 

(8-2) 

13.370 

(9-4) 


lbs 

11-236 

(7-9) 

12  090 

(8-5) 

12-658 

l8-9) 

13085 

(9-2) 

15-503 
(10-9) 


15-930 
(ll-2) 


11-663 

(8-2) 

13-512 

.'9-5) 


lbs 

11-378 

(8-0) 

12-374 

(8-7) 

12.800 
(9-0) 


13-227 

(9-3) 


15-645 
(11-0) 


16.072 
(11-3) 


11.806 

(8-3) 

13.654 

(9-6) 


We  have  added  to  this  table  the  two  Swiss  formulae  which  are  the  only  ones 
prescribed  by  a  government.  It  seems  to  us  that  the  formulae  starting  from 
io  =  9,672  lbs  (6.8  kilograms)  for  weld  iron  and  from  io  =  11,805  lbs  (8.3  kilo- 
grams) for  mild  steel  woud  be  the  best  for  practical  purposes. 

If  we  wished  afterwards  to  take  into  account  alternate  strains,  we  should  propose 
to  multiply  the  above  results  by  a  suitable  factor  of  reduction.  Calling  R'  the 
ratio  S^„  :  S^  in  the  sense  originally  assumed  (i.  e.  the  ratio  <  1  of  the  greatest 
absolute  values  of  the  alternate  strains),  we  might  accept  the  factor  of  reduction 
(1  —  V4  R')  which  reduces  the  limits  to  three  quarters  of  the  above  values  in  the  case 
of  complete  reversal.  With  regard  to  this  it  will  be  remembered  that  according  to 
Professor  Bauschinger's  verj^  complete  experiments,  in  1887,  if  we  do  not  exceed 


hainiiG  limil  of  elaslicily  of  the  melal  we  shall  be  perfectly  safe  as  regards  alleniHtf 
strains.  Our  reduclion  is  therefore  more  than  sufficient,  since  the  coefficients  of  the 
table  already  salisfy  the  condition  slated,  which  in  our  opinion  should  always 
be  respected.  Therefore,  finally,  if  formulae  must  be  used,  we  propose  tbe 
following :  — 

jr  ivfM  iron     ....     i  =  (6>8)  '1  +  '/,  R)  (1  —  V.  R'l  per  square  mill. 
ir  ingot  iroi]  or  mil.i  steel     »  =  (8'3)  {1  -(-  '/i  R)  {1  —  '/.  «')     —  — 


(53)   , 


This  should  give  in  eiiglish  tons  on  the  square  inch  as  used  in  the  spcciticatioDs 
given  by  the  Board  of  Trade ; 


ingot  iT 


(  =  4-3  (1  +  Vt  R)  (I  -  'U  HT 
i  =  5'3  (1  +  ';,  R)  (I  -  •/,  R') 


However,  practical  engineers  almost  alwaj's  prefer,  as  we  have  already  stated,  to 
allow  limits  fiscd  beforehand  according  to  the  span  and  according  to  the  parts 
considered,  which  limits  they  also  vary  a  little  according  to  the  quality  of  the  iroo 
at  their  disposal.     We  think  of  course  they  are  quite  right. 

When  the  limits  are  to  be  prescribed  by  Government,  they  must  be  arrange  on 
as  liberal  a  scale  as  possible  so  as  to  leave  a  sufficient  margin  for  engineers.  In  such 
a  case,  the  authorities  might  confine  themselves  lo  prescribing  limits  acconling  to 
the  span  in  the  form  of  the  polygonal  lines  recommended  in  Austria  which  are  well 
adapted  as  comprehensive  curves  of  similar  regulations  issued  non-officially.  We 
should  propose :  — 


I  Bp«n«  .  .  .   .     on.[Om.l    I30fl.(«lin 

(54).   .    .    JweWlron.   .    9-BWntl    11-100(7.8)1. 

(  Ingol  Iron.   .  ll-SUOrV  k.)    13*Ki0ig.$  H. 


I  xnrt.[]10m.i  StOA.(ia)n.J  Wind. 
:  it-Mo  (8.gko  it.an)  i3kj  icnoiiou 
;  is-3eo.iu.6t.)  15-eaoik.)  iT-iBO(ULSk. 


with  the  usual  rectilinear  interpolations  for  intermediate  spans. 

The  parts  or  members  where  the  alternate  strains  are  produced  are  always  con- 
structed (for  practical  reasons)  with  larger  dimensions  than  those  thai  would  result 
from  the  above  limits ;  for  this  we  must  depend  upon  the  discernment  of  engineers, 
as  regards  the  reduclion  of  the  limits  working  strain  for  these  partjculur  cases. 

Lastly,  us  to  the  limits  for  the  shearing  strain,  we  might  allow 8,530 and 7, 100  lbs. 
(6  and  B  kil.l  for  weld  iron  and  9,950  and  7,820  lbs  (7  and  5.5  kil.)  for  steel  acconiiof 
as  the  strains  are  of  the  same  kind  or  of  several  kinds. 

We  may  remark,  in  conclusion,  that  when  higher  limits  require  lo  be  applied  fer 
steel,  we  must  assume  unreservedly  that  this  metal  exactly  fultils  the  rcquirananli 
of  the  specification.  This  will  occur  whenever  important  contracts  are  in 
for  which  the  Administration  that  undertakes  the  construction  is  prepared  (o 
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special  precautions  as  to  the  manufacture  of  the  material  and  the  selection  of  the 
samples  submitted. 

When  on  the  other  hand  unimportant  contracts  ar  in  question,  concerning 
structures  with  short  spans  scattered  along  the  line,  for  which  the  arrangements  are 
often  left  entirely  to  the  manufacturers,  it  seems  that  it  would  be  advisable  to  be 
rather  more  prudent  and  apply  the  somewhat  lower  limits  allowed  for  weld  iron. 

VI.  —  Quantity  of  metal  to  be  used  in  bridges  under  different  gondidions 

OF  span  and  height. 

4.  —  General  remarks. 

When  a  railroad  has  been  mapped  out  and  it  is  required  to  bridge  over  a  wide 
stream  or  a  deep  ravine,  the  railway  engineer  must  first  determine  the  position  of 
the  piers  and  abutments  of  the  bridge  or  viaduct  to  be  constructed ;  he  will  then 
have  to  choose  the  system  of  construction  best  suited  for  the  ironwork  spans.  As 
this  has  often  been  decided  upon  beforehand,  the  position  of  the  piers  will  have  to 
depend  upon  it  somewhat  (continuous  girders,  arched  bridges,  and  so  on).  The 
study  of  such  questions,  of  a  financial  interest  chiefly,  depends  mainly  on  those 
local  circumstances  which,  in  each  case,  must  be  taken  into  consideration  by  the 
engineer  and  although  they  embrace  many  technical  questions,  often  very  interest- 
ing, we  cannot  discuss  them  here. 

We  take  therefore  as  the  starting  point  of  the  comparisons  to  be  made  the  data  of 
the  problem  such  as  they  are  laid  before  the  constructor  who  has  to  deal  with  iron 
bridges.  We  refer  all  our  weights  to  the  theoretical  span  measured  between  the 
centres  of  the  supports.  In  certain  cases  only  where  one  structure  embraces 
several  spans  and  it  is  either  inconvenient  or  practically  impossible  to  give  the  weights 
separately,  we  take  a  kind  of  mean  theoretical  span  for  the  whole  (continuous 
girders,  cantilevers).  Our  weights  do  not  include  the  road  and  the  timber  flooring. 
A  collection  of  weights  of  bridges,  similar  to  that  which  the  writer  wished  to 
submit  to  the  Congress,  was  drawn  up  in  1879  on  the  basis  of  the  information  then 
available  in  France  and  Austria.  The  work  :  Das  Eisenbahnwesen  in  Frankreich 
(Vienna  1880,  Gerold's  Sohn)  distributed  among  the  members  of  the  Congress  in 
Brussels  in  1885,  contained  this  first  list  which  referred  to  165  bridges  with  spans 
of  82  to  540  feet  (25  to  165  metres)  and  a  series  of  short-span  types.  It  consisted  of 
a  numerical  table  giving  the  most  interesting  details  for  each  bridge  and  a  graphic 
table  of  weights  per  metre  of  track. 

The  writer  would  have  liked  to  submit  the  present  work  under  the  same  form  to 


hU  colleagues  at  the  fifth  session.     But  the  Tucls  arrived  somewhat  1a1 

relate  to  more  than  a  thousand  bridgea.     Under  these  conditions   wich  sboiv  tlio 

special  interest  taken  by  our  colleagues  in  this  question,  we  can  only  re4,Tel  having 

been  oblij^'ed  to  ^ivc  up  our  intention  of  drawing  up  the  descriptive  numerical  table 

for  t}ie  session.    T!iis  table,  which  involves  a  great  deal  of  work  cannot  be  published 

until  later  and  for  the  session  we  will  contenl  ourselves  with  quoting  the  larger 

bridges. 

To  make  up  for  this  unavoidable  omission,  we  have  endeavored  to  render  our 
graphic  tables  of  weights  as  complete  as  possible  (plates  HI  and  \V].  Plate  IV 
contains  two  figures,  the  larger  of  which  concerns  bridges  with  span  of  from  0  tn 
d8<>  feet  (300  metres).  A  second  figure  on  a  large  scale  comprises  the  small  types. 
Lastly  on  plate  III  a  tliird  figure  represents  on  a  small  scalis  what  we  should  pro- 
bably gel  if  we  could  extend  our  table  to  the  right  sufficiently  far  to  lake  in  the  span 
of  1,710  fect(S21metres)oflhe  Forth  Bridge. 

From  all  the  facts  collected,  we  have  constructed  two  polygonal  traces  which  in 
our  opinion  may  be  considered  as  fixing  the  limits  of  that  zone  in  the  tabic  that 
includes  all  the  bridges  that  are  neither  excessively  heavy  nor  excessively  light  and 
that  correspond  to  what  we  have  cidled  Ike  heavy  trains  in  chapter  111.  The  middle 
line  between  these  traces,  represents  the  line  of  nieiui  weights  for  all  spans. 

If  It  was  somewhat  bold  to  trace  such  lines  of  demarcatioit,  it  will  appear  still 
bolder  of  course  to  extend  them  to  the  right  so  as  lo  take  in  the  Forth  Bridge.  But 
our  curves  are  drawn  pretty  cleiirly  on  Ihetalde  in  plate  !V  for  bridges  up  to  510  feet 
(IGS  metres)  of  span.  It  was  this  zone  with  its  width  at  this  point  thai  we  wisbeil 
to  prolong  up  to  the  Forth  Bridge  assuming  that  this  bridge  approaches  the  mean 
line.  The  completed  plan  of  the  New  Jersey  cantilever  bridge,  with  its  ceiitrul  arch 
of  2,100  feet  [0-iO  metres)  (to  which  we  shall  refer  later)  furnished  us  with  a  seeond 
instance  of  extraordinary  spans.  This  bridge  being  calculated  for  six  lines  of  niil, 
we  have  assumed  that  the  weiglil  per  metre  of  track  might  iie  ii  little  under  that 
which  would  result  from  our  minimum  line.  Taking  all  these  considerations  into 
account,  we  were  enebled  to  extend  our  cur\'es  as  shown  by  the  diagrams  iii  pUtc 
lltandlVC). 

On  comparing  the  present  diagram  with  that  of  1S70,  we  sh;dl  find  that  the  upper 
curve  has  had  to  be  raised  considerably  especially  between  spans  of  OS  and  300  frtt 
(20  to  120  metres). 

(')  Ouruutlines  are  indicaled  liy  wcighis  in  round  numl>erB;^heabEcisKCsar<:c!iiisens>  ilianhi' 
Utual  reclilincur  iiiterpolatioa  shall  alwujB  givo  simple  fructiuns. 
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2.  —  Types  of  short  spans. 

For  types  of  small  bridges,  we  can  connect,  by  straight  lines,  the  points  that  relate 
to  one  and  the  same  Administration  and  to  one  system  of  construction.  These 
lines  are  fairly  regular;  thus,  representing  hy  QUH  U  the  types  with  the  track  oa 
the  top  chord,  those  with  the  track  below  the  top  chord,  those  with  the  trael^ 
between  the  main  girders  and  those  with  the  track  on  the  bottom  chord,  we  can 
quote  the  typical  lines  of  the  following  Administrations  : 

Germany  :  Eisenbahn  (Direction  Bromberg)    ......  Q  n  H 

—                —        (      —       Hanover) U 

England  :       London  and  North-Western  Railway H  Q 

Australia  :     South  Australian  Railway Q     « 

Austria  :       Bohmische  Westbahn Q  11 

—  Kaiser  Ferdinand-Nordbahn Q  U    U 

—  Oesterreichische  Staatsbahnen  .......  Q  U   U 

—  Oesterr.  Ungarische  Staatseisenbahngesellschaft  .  Q  U   U 
(55)  (  France  :  Chemins  de  fer  de  TEtat Q  H 

—  Chemins  de  fer  du  Midi Q  H 

—  Grande  Ceinture  de  Paris Q  U   U 

—  Chemins  de  fer  du  Nord .     .  U 

Italy  :  Strade  ferrate  della  Sicilia U 

Portugal  :  Soci6le  royale  des  chemins  de  fer  portugais     .     .  11 

Russia  :  Moscou-Brest  Railway Q 

Sweden  :  State  Railways Q 

\   Switzerland  :  Gotthardbahn Q  U  TL 

We  should  have  many  more  of  these  typical  lines  to  quote,  if  we  took  rather 

earlier  collections  of  types,  compiled  from  the  construction  of  important  lines,  but 

these  types  no  longer  answer  to  the  present  regulations  of  load.    The  headings  of 

our  table  render  it  unnecessary  to  explain  further  these  indications  of  details.     We 

will  merely  remark  that  certain  comparatively  very  heavy  bridges  have  an  iron 

flooring. 

3.  —  Lattice  or  Truss  Girdei^s. 

Our  table  shows  the  comparatively  light  weight  of  the  bridges  now  in  use  as  com- 
pared with  the  weights  of  the  wellknown  large  English  bridges  with  plate-girders. 
Taking  for  our  modern  bridges  the  mean  line  of  the  weights  of  iron  found  and 
adding  in  every  case  880  lbs  per  3  feet  3  inches  (400  kilogrammes  per  metre)  of  track, 
for  the  flooring  and  the  rails,  we  calculate  the  ratio  of  the  dead  load  q  per  metre  to 


R8 
Ihe  total  loail  ((/  -f  p)  pur  niclre,  as  follows  :  (p  being  taken  from  scale  a  for  liravii 

(56).  Table  of  the  values  i.  p  'ani  q  :  (p  -{-  ^)  up  [q  I  =  525  feel  (ICO  melres). 
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The  remarkable  fact  about  this  table  is  that  the  tolnl  load  (;>  4- 17)  is  almost  inva- 
riable. It  is  3.03  tons  per  feet  (9.9  tons  per  metre)  for  33  feet  (10  metres)  of  span  aoil 
also  for  525  feel  (160  metres),  whereas  between  fi6  and  262  feel  (20  and  80  metres) 
it  might  be  taken  invariably  at  2.S3  tons  per  feet  (8.3  tons  per  metre).  On  the  other- 
hand,  the  ratio  q  '.ip  +  q)  increases  very  regularly  in  proportion  to  the  span. 

We  will  now  give,  for  all  spans,  the  weights  of  iron  per  metre  of  Lrark  ihata 
represent  our  polygonal  traces  of  the  diagram  : 

(57).      Table  of  the  weights  of  iron  up  to  /  =  1,640  feet  (50(1  metres) 
in  tnetric  ions  per  metre  Iraek. 
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It  will  be  remarked  that  many  points  in  Ihe  graphical  table  are  found  to  be=i-^ 
beyond  our  limits;  by  studying  these  points,  we  can  almost  always  asL-ertain  thc^— ^ 
reasons  that  explain  an  abnormal  weight. 

Moreover  the  consideration  of  the  weight  of  iron  structures  alone  is  not  suffiden^K 
to  influence  the  choice  of  a  system  of  construction  in  each  particular  case.    Stnic — 
turea  calculated  for  the  same  moving  loads  with  the  same  coefficients  uf  working 
strain  for  the  metal,  may  however,  if  they  belong  to  very  differents  sysle.ms,  offe/* 
Buch  advantages  or  disadvantages  that  the  engineer  will  oflen  decide  lo  reconuncn*/ 
the  heaviest  system. 
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ic.  —  Comparative  safety  procured  by  calculations  of  resistance  in  bridges. 

The  carefully-studied  calculations  of  resistance  now  applied  to  designs  for  iron 
bridges,  for  determining  the  dimensions  to  be  given  to  all  the  parts,  introduce  a 
very  satisfactory  element  of  safety  into  them ;  this  safety  is  however  very  different 
in  the  various  r^ses  that  present  themselyes,  according  as  the  trains  in  use  give 
more  or  less  the  weight,  arrangement  and  extent  of  the  moving  loads  taken  into 
account  in  the  calculations. 

The  weight  per  metre  of  the  moving  load  depends  mainly  on  the  rolling  stock  in 
use;  the  arrangement  and  the  extent  of  this  load,  on  the  contrary,  depend  much 
less  on  the  composition  and  length  of  the  trains  than  on  the  system  of  construction 
adopted  for  the  bridges.  The  usual  bridges  with  one  track  and  with  independent 
spans  are  subjected,  within  a  little,  at  the  time  each  heavy  train  is  passing,  to  the 
maximum  ot  working  strain  provided  for  in  all  their  component  parts. 

Arched  bndges  with  one  tracks  are  subjected,  when  a  train  passes  over  them  to 
the  maximum  working  strain  provided  for  only  in  those  parts  adjacent  to  the 
abutments.  The  middle  part  of  the  arch  is  only  subject  to  the  most  unfavorable 
load  when  the  load  is  on  this  part  alone,  the  extremities  of  the  arch  not  being 
loaded,  or  when  the  middle  part  is  not  loaded  the  extremities  being  then  simultan- 
eously loaded.  These  conditions,  which  require  that  the  train  should  be  separated 
into  at  least  two  parts  producing  the  maximum  load  together  or  each  one  separa- 
tely, are  rarely  realised. 

Continuous  girder  bridges  carrying  one  track  will  scarcely  ever  be  subjected  in  the 
greater  number  of  their  component  parts  to  the  maximum  working  strain  provided 
for;  in  many  cases  it  would  even  be  extremely  difficult  to  produce,  with  the  rolling 
stock  available,  all  the  combinations  as  to  load  provided  for  theoretically,  and  it 
must  be  evident  to  every  practical  engineer,  that  these  hypotheses,  only  possible  in 
extreme  cases,  will  never.be  realised  under  the  ordinary  conditions  of  the  train 
service,  so  far  as  bridges  with  large  spans  are  concerned. 

As  to  bridges  carrying  two  tracks  constructed  with  two  main  girders  only  of 
different  systems,  the  probability  of  the  maximum  working  strain  provided  for  in 
the  metal  being  realised  under  normal  conditions  will  be  still  less,  seeing  that  the 
crossing  of  the  heaviest  kind  of  trains  on  these  bridges  may  be  looked  upon  as  an 
event  of  very  rare  occurrence. 

These  explanations  will  be  sufficient  to  show  that  among  the  most  common  kinds 
of  bridges,  those  with  a  double  line,  constructed  with  two  continuous  main  girders. 


offer  far  greater  security  than  the  greater  number  of  those  constructed  othendse ; 
we  may  add  that,  in  consequence  of  the  continuity  the  ratio  of  the  live  and  dead 
loads  is  considerably  lowered,  which  again  increases  the  safety. 

Lastly,  amongst  bridges  with  exceptional  spans  (of  more  than  525  feet[l60  metres]) 
we  may  say  that  cantilever  bridges  (Forth  bridge  aysleml  constructed  with  two  main 
girders  for  more  than  one  track  and  calculated,  as  we  explained  in  chapter  111, 
otTer  very  great  security,  since  the  loads  provided  for,  consisting  of  a  certain  number 
of  trains  placed  simultaneously  in  the  most  unfavorable  position  are  scarcely  e%-er 
brought  to  bear  in  practice,  and  further  the  effect  of  the  loads,  generally,  is  a 
lower  one  as  regards  the  dead  load. 


-  Systems  i)f  comlrudion  in  be  recommended  under  t 
and  height. 


nmdiliuns  of  span 


After  having  studied  the  weights  indicated  for  a  very  large  number  of  structures, 
often  widely  different,  by  collecting  all  the  facts  obtained  from  our  colleagues  and 
lastly  by  profiting  by  experiments  madi'  in  Austria  tor  a  quarter  of  a  aintury,  wc 
arrive  at  the  following  conclusions  (') : 

a)  Rolled  joists. 


Rolled  joists  were  formerly  little  used  in  iron  bridges  owing  to  the  small  variely 
of  sections  and  the  narrowness  of  the  Hanges  at  our  disposal.  Since  pieces  of  1  ton 
and  1  '/*  tons  have  been  able  to  be  rolled  without  difliculty  and  since  larger  sections 
and  wider  tianges  have  been  adopted,  the  use  of  llieso  joists  is  getting  more  and 
more  general,  for  they  form  an  excellent  solution  to  ttie  problem  of  main  girders 
for  small  bridges  and  of  longitudinal  stringers  for  bridges. 

In  parts  subjected  to  excessive  strain,  it  is  very  advantageous  to  be  able  to  intro- 
duce as  less  riveted  connections  as  possible.  Thus  in  Saxony  for  the  last  ten  years, 
these  joists  are  specially  recommended  for  small  structures  when  there  is  not  much 
height  available  for  them  and  when  they  arc  to  be  used  in  pairs  with  wooden 
stringers  between.  In  Prussia  they  are  in  gentTu)  use  large  spans.  In  Austria,  thi- 
question,   which   lias  been  carefully   studied,   is  quite  decided.     Engineers  anil 


(*)  Wet  regret  ihat  we  cauiiol  include  in  what  follows  tlie  Amoricau  bridgM,  fspiiiaJiv  Ihr  pin 
cniiiiPcted  bridges,  llie  American  administralinna  not  having  answered  our  nppoal. 


manufacturers  have  combined  to  adopt  an  excellent  scale  of  sections;  we  cannot  do 
better  than  recommend  them  to  our  colleagues  of  other  nationalities  ('). 

b)  Solid-toA  girders  of  platei  and  angles. 

1 .  —  The  types  of  solid-web  girders  used  by  the  greater  number  of  Railway  A  dmin- 
istrations  comprise  spans  up  to  46  feet  (14  metres)  (in  exceptional  eases  59  feet 
[i8  metres]).  The  height  of  the  girders  varies  from  1/8  to  t/12  of  the  span ;  the  ratio 
1/8  is  more  generally  allowed  for  smaller  spans  and  the  ratio  1/12  fur  larger  spans. 
This  height,  moreover  is  limited  in  the  latter  case  by  the  width  of  the  plates  supplied 
by  the  iron  works  which  is  generally  4  feet  7  inches  (1-40  metre]  at  the  most  (in 
exceptional  cases  5  feet  3  inches  [1-60  metre])  and  allows  of  their  being  used,  with 
the  ratio  of  1/12  for  spans  up  to  S9  and  62  feet  (18  and  19  metres). 

2.  —  }¥here  we  have  su/ficient  height  at  our  disposal,  bridges  with  the  track  on  the 
top  chord  (*)  are  the  most  advantageous  for  all  spans.  —  The  track  is  laid  on 
wooden  cross-sleepers  fixed  to  the  main  girders  and  bearing  with  their  ends  the 
outer  flooring  in  countries  where  wood  is  cheap  (3);  where  it  is  not,  a  track  laid 
upon  wooden  stringers  fixed  to  the  main  girders  is  used;  the  flooring  of  the  bridge 
is  then  laid  on  these  and  on  outside  iron  brackets,  even  on  the  abutments  themselves. 


(')  Section  of  rolled  joints  uniformlj  adopted  bv  engineers  and  manufacturers  in  Austria. 
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(')  For  the  expressions  used  here  iind  especially  for  the  trackim  tlie  top  ciiord  and  on  ihe  bottom 
chord,  see  our  nomenclaiure  of  ihc  Paris  Congress  in  1889. 

(')  This  system  is  not  used  in  Franco;  the  niils  there  are  generally  laid  on  longitudinal  timbers, 
iind  when  they  are  laid  upon  cross  sleepers,  the  Iciigth  of  these  latter  scarcely  ever  exceeds  the 
distance  between  the  girders  on  which  they  rest. 


3.  —  Iron  girders  are  generallji  recommended  only  for  spans  of  more  ihaa  6  J 12  feet 
(?  metres),  since,  for  shorter  sjianx  than  this  we  can  with  advantage  use  limber  beams 
which  then  form  so  to  speak  part  ofllie  permanent  way. 

*.  —  When  the  available  lieight  is  limited  and  the  span  does  not  exceed  SO  feet 
(I)  metres),  bridges  composed  of  twin  girders  of  sectioD  with  timber  stringers  will  be 
more  economical ;  the  flooring  will,  in  this  case,  rest  on  these  stringers,  on  outside 
iron  brackets  and  on  the  abutments  themselves. 

B.  —  When  the  available  height  is  limited  and  the  span  is  between  i6  and  2fi  feet 
(5  and  8  metres),  it  will  be  to  our  advantage  to  choose  bridges  with  track  belov.-  the  top 
chord  und  the  flooring  will  be  laid  outside  the  main  girders  on  special  iron 
brackets.  In  structures  of  this  kind,  even  for  spans  of  26  feet  (8  metresi,  we  shall 
find  an  available  height  of  2  feet  \  inches  (70  centimetres)  sufTicient  from  Ihe 
underside  of  the  girders  to  rail  level. 

6.  —  For  spans  between  26  feet  and  46  feet  {8  and  14  metres)  (in  exceptional  cases 
60  feet  [t8  metres])  we  shall  have  three  types  of  bridges  to  consider;  these  are  the  types 
already  mentioned  (2  and  5)  where  the  height  available  for  the  structure  is  sulflcient, 
and  the  types  with  the  Irark  on  the  bottom  chord,  w  hen  the  contrary  is  the  case.  The 
track  and  the  flooring  are  in  this  last  case  laid  on  the  cross-girders  and  longitudinal 
runners.  Structures  of  this  kind,  which  unforluantely  occur  very  frequently  in 
practice  are  much  heavier  and  more  expensive  in  consequence  of  the  insufficient 
available  height,  than  those  we  first  quoted ;  this  is  chiefly  owing  to  the  long  cross- 
girders  required.  However,  with  this  system,  we  do  not  require  more  than  a  height 
of  2  feet  4  inches  (70  centimetres),  from  the  underside  of  the  girders  to  rail  level  {'). 

7.  — Special  main  girders  for  the  parapets  are  to  be  avoided  as  a  rule,  to  save 
expense,  for  we  can,  at  less  cost,  carry  the  outer  flooring  on  iron  brackets  and  on  the 
abutments  themselves  For  structures  with  several  lines  of  rail,  for  those  situated  at 
the  approaches  to  slutionsand  where  special  landings  and  platforms  frequently 
have  to  be  constructed,  we  must  always  allow  for  the  main  girders  in  question  and 
it  will  then  be  advisable  to  calculate  them  for  a  minimum  moving  loud  of  70  lbs  per 
square  fool  (S40  kilof,'ram8  per  square  metre),  even  when  this  is  not  demanded. 

L')   Truas  and  liillice  girders  in  general. 

8.  —  For  spans  from  49  to  about  115  feet  (15  to  3o  metres),  girders  with  straight 

(<)  On  th«  Austi-iiin  Nurth  Wesli-rn  Lines,  iLe  Lelfilil  hits  befQ  i-educeJ  even  In  21  iiii^lio 
(54  centimetres),  which  implies  a  considerable  increase  in  the  quaiiiiliea  of  inm  twjuimi  and 
necessitates  exoeptioiud  struncures  which  it  is  l>est  ta  avoid. 
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chords  and  double  or  quadruple  lattice  work  may  be  used  with  advantage.  The 
bracing  generally  composed  of  flat  bars  for  parts  in  tension  and  of  angles  for  parts 
in  compression,  should  be  connected  as  far  as  possible  directly  with  the  vertical 
plates  of  the  chords  (of  T  section)  as  the  use  of  special  gusset  plates  at  the  connec- 
tions does  not  appear  to  be  economical.  It  will  be  well  to  endeavour  to  find  connec- 
tions known  as  symmetrical,  that  is  to  say  where  the  rivets  are  in  doubles  shear. 
The  most  economical  bridges  are  those  with  track  upon  top  chord  placed  on  cross 
sleepers  forming  brackets  where  the  main  girders,  spaced  at  from  5  to  8  feet  (1"50  to 
2*50  metres)  from  one  solid  structure  with  the  cross  girders  and  diagonal  bracing. 
In  countries  where  wood  is  dear,  stringers  are  used  and  the  parapets  are  fixed  on 
iron  brackets.  When  the  available  height  of  the  structure  is  limited  bridges  with 
track  below  top  chord  or  with  track  on  bottom  chord  are  built;  the  latter  are 
always  materially  heavier  than  those  with  track  upon  top  chord  (i). 

9.  —  For  spans  of  from  about  115  to  130  feet  (35  to  45  millimetres)  there  would 
still  be  an  advantage  in  constructing  bridges  with  straight  chords,  and  double  or 
quadruple  lattice  bracing  or  a  double  truss  system  with  diagonal  ties  can  be  used. 
In  France  for  spans  of  this  extent  sextuple  lattice  bracing,  in  which  the  diagonal  ties 
are  made  of  flat  bars  and  the  diagonal  struts  of  C  bars  and  rivets  are  working  in 
single  shear  has  been  frequently  rec-ommended.  The  rivets  at  the  connections  are 
in  single  shear. 

The  same  principles  of  construction  as  hitherto  may,  however,  be  recommended 
in  this  case  :  direct  connection  of  diagonal  to  chords  arranged  as  far  as  possible  so 
as  to  have  the  rivets  in  double  shear  and  so  as  to  avoid  the  special  gusset  plates  and 
packings ;  *amongst  these  latter  we  do  not  include  the  very  useful  rectangular  plates 
which  in  Austria  are  inserted  where  the  diagonals  struts  are  connected  with  the 
chords  in  order  to  increase  the  stiffness  and  distribute  the  pressure  (*). 

(')  The  structures  on  the  single  truss  system  with  diagonals  ties  built  for  many  spans  in  Austria 
and  Germany  are  not  recommended  ;  they  had  been  calculated  without  taking  secondary  effect 
into  consideration  and  by  this  means  comparatively  light  bridges  were  obtained.  The  damages 
subsequently  discovered  in  some  of  the  bridges,  the  acx^ident  to  the  bridge  on  the  Itter  near  Hopf- 
garten,  which  gave  way  under  a  passing  goods  train  in  1886  and  many  other  facts,  have  fully 
confirmed  the  objections  raised  against  these  structures  and  railway  companies  have  long  since 
decided  to  abandon  that  system. 

(•)  The  connections  between  the  diagonals  and  the  chords  constitute  the  weak  points  in  our 
modem  open  lattice  bridges  in  which  our  calculations  of  resistance  are  inadequate.  Secondary 
strains  are  doubtless  produced  in  these  which  give  rise  to  a  considerable  excess  of  working  strain 
in  certain  parts.  In  quadruple  and  sextuple  lattice  systems  these  disadvantages  are  certainly  far 
less. 
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As  lo  Ihe  diilance  which  should  be  allowed  between  the  main  girde: 
purpost's  of  stabiliU,  even  in  the  t^ase  of  bridges  with  track  upon  top  chord,  this 
involves  Ihe  nccessih  of  adniilting  transverse  girders;  under  these  conditions  a  track 
below  top  chord  arrangeniont  is  almost  afways  adopted  because  in  this  way  wilhoul 
malcrialty  increasing  llie  cost  of  construction  llie  maintenance  is  much  facilitated, 
These  structures  when  properly  braced  transversely  and  diagonally  are  very  rigid 
and  are  very  much  lighter  than  structures  of  the  same  span  witli  track  on  bottom 
chord ;  these  latter  require  more  iron  both  for  the  long  cross  girders  and  for  tbu 
gussets  which  connect  them  with  the  uprights  and  wliich  serve  to  keep  the  upper 
chords  in  horizontal  position.  This  excess  weight,  however,  lias  a  tendency!" 
disappear  in  proportion  as  the  span  is  increased. 

10.  —  For  spans  of  about  148  to  180  feci  (■/->  to  55  metres),  bridges  with  Irad  on 
bottom  chord  present  certain  structural  diiliculties  because,  owing  to  the  clear 
height  to  be  left  for  the  passage  of  the  rolling  stock  {'),  the  main  girders  must  cither 
be  companitively  very  liigh  so  as  to  be  braced  over  the  top,  or  else  comparatively 
very  shallow  in  order  to  have  sullicient  lateral  stiffness.  To  overcome  this  ditliculty 
how  string  girders  have  often  been  used  in  which  the  upper  bracing  only  eilends 
along  a  certain  length  near  the  middle  of  the  span.  These  bow  siring  girders  are 
usually  made  with  a  double  truss  syst<.'m  of  diagonal  tics  or  even  of  recent  dale 
with  two  systems  symmetrically  arranged  and  with  common  vertical  uprights.  As 
regards  bridges  with  track  upon  to  chord  of  the  spans  under  discussion,  we  raiglil 
n'petit  what  y^v  have  said  in  n"  9  for  smaller  spans. 

11,  —  For  spam  of  from  about  180  to  Sr>0feet{a3  (o  SO  nicfrcsj  we  have  to  use  almost 
as  much  iron  for  bridges  with  track  upon  top  chord  as  for  bridges  with  track  upon 
bottom  chord.  The  former  arrangement  is  always  deserving  of  the  preference 
pnjvidod  the  prescribed  conditions  of  height  allow  of  its  adoption;  the  latter 
liowover  is  the  one  which,  in  practice,  we  are  most  frequently  compelled  to  adopt. 
hi  cither  cjise  the  uper  chords  as  well  as  the  lower  chords  must  be  tirnily  connected. 

Kor  double  track  bridges  it  is  desirable  not  lo  use  more  than  two  main  girders 
tind  long  cross  girders  rather  than  two  separate  structures ;  in  that  case  the  girders 
must  be  bnill  with  double  chords  (upper  chords  of  channel  section].  For  ungk 
track  bridges  single  chords  as  well  as  double  chonls  are  used,  the  former  iurrange- 
nu-nt,  however,  would  always  seem  to  be  the  more  economical  when  large-siiwl 
angle  irons  are  available. 


i')  hi  Aunlriit  iiixl  i>ii  itie  lines  of  rbe - 
9lnelK«i4't«)nKitru8). 


i  D.  E.  V.  -  ihis  tieipht  is  r.}striclcd  lo  I 


IV 

95 

Lastly,  as  regards  the  form  of  the  main  girders  for  these  bridges,  straight  chord 
girders  with  4  or  6  systems  of  lattice  bracing  of  with  a  double  system  of  diagonal 
ties  can  be  placed  parallel  with  bow  string  girders  having  almost  always  a  double 
system  of  diagonal  ties.  It  would  seem,  however,  that  up  to  a  span  of  about 
230  feet  (70  metres)  the  use  of  straight  chord  girders  is  always  economical  (*),  parti- 
cularly if  they  can  be  utilised  as  continuous  girders ;  we  may  add  that  straight 
girders  also  offer  undisputed  advantages  as  regards  maintenance  and  to  any  impartial 
observer  they  present  a  more  agreeable  ensemble. 

12.  —  For  spans  of  from  260  to  about  390  feet  {80  to  i20  metres)  the  best  bridges 
(which  have  generally  the  track  on  bottom  chord)  appear  to  be  those  built  with 
curved  upper  chords  and  with  a  double  or  triple  system  of  diagonal  ties.  In  the 
case  of  such  large  spans  it  is  customary  to  construct  the  top  chords  of  (JC)  section 
and  the  lower  chords  in  the  form  of  twin  chords  (1 1).  These  bridges,  which  are 
very  numerous  in  Austria,  in  Holland  and  in  Germany,  can  scarcely  be  termed  bow 
string  and  generally  have  (or  ought  to  have)  vertical  uprights  on  supports  sufficiently 
high  to  permit  of  the  main  girders  being  braced  over  the  top. 

Finally,  we  may  regard  these  structures  as  something  between  the  bow  string  and 
the  straight  girder,  somewhat  more  nearly  approaching  the  latter  system  (*),  and 
having  in  its  favor  the  advantage  which  is  obtained  in  the  case  of  such  spans  as 
these  by  increasing  the  height  of  the  girders  in  the  middle  region  of  the  span  rather 
than  simply  strengthening  the  chords  there. 

The  difficulties  occasioned  in  smaller  spans  by  the  vertical  plates  of  the  chords 

(*)  This  also  appears  to  be  accepted  in  France  where  straight  girders  have  hitherto  been  almost 
exclusively  made  for  spans  of  this  extent.  In  Holland  a  higher  practical  limit  seems  to  have 
been  formerly  accepted,  but  it  was  subsequently  reduced  to  about  210  feet.  See  the  pamphlet 
entitled  :  Les  travaux  publics  dans  le  royaume  d^s  Pays-Bas,  by  L.-C.  van  Kerkwyk,  the  Haye, 
1878,  and  the  Annales  des  ponts  et  chaussdes,  March  1887. 

(*)  The  French  term  poutres  d  bande  courbe  (girders  with  curved  chords)  would  probably  be 
the  most  general  description  of  this  system ;  the  curved  chord  may  be  parabolic,  circular,  eliptic 
or  of  any  other  form  without  materially  affecting  the  resistance  to  bending  or  even  the  calcula- 
tions to  be  used ;  hence  also  the  terms  "  parabolic  girders  »  or  «*  semi-parabolic  girders  »»  used 
by  certain  authors  may  be  regarded  as  generally  improper. 

N(5r  do  these  girders  absolutely  present  the  distinctive  characteristics  of  the  parabolic  (bow- 
string) girders  properly  so-called,  that  is  to  say  almost  constant  sections  of  chords,  identical  sec- 
tions of  all  the  vertical  uprights,  almost  equivalent  sections  for  all  diagonals  and  counter-braced 
diagonal  system  [Gegenstrebeiii)  extending  over  the  whole  span. 
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arc  no  longer  of  the  same  importance  in  this  case  where  between  two  consecutive 
rivetted  connections  these  plates  are  of  such  lengths  [from  13  U>  20  feet  [4  lu 
6  metres])  and  of  such  weights  that  ihey  can  be  generally  obtained  from  the  iron 
works,  and  there  would  be  consequently  no  necessity  to  cut  them  or  shape  them  inlo 
the  form  of  a  polygon. 

Where  the  track  is  on  the  top  chord  we  have  the  alternative  of  adopting  straigbl 
upper  and  lower  chords  or  of  giving  the  lower  chords  a  curved  fonn  ifishbelheilllo 
the  detriment  of  tlic  general  appearance  of  llie  work  and  often  also  at  the  expeose  of 
economy.     Therefore,  the  former  course  is  generally  preferable. 

13.  For  spans  of  from  395  to  63o  feet  (120  lo  160  metres),  the  experiouoti 
already  made  have  been  carried  out  at  such  different  periods  and  with  regard toloo 
limited  a  number  of  bridges  for  it  to  be  possible  to  deduce  any  general  princtplts 
concerning  the  system  to  be  recommended,  according  to  the  present  ideas  of 
engineers,  ll  may,  however,  be  slated  that  the  bridges  recently  constructed  ue 
comparatively  much  lighter  than  similar  bridges  constructed  with  solid  web  pltln 
or  with  dose  lattice  work,  ever  since  the  origine  of  iron  bridges. 

It  appears  that  the  great  span  at  Kuilenbourg  of  about  SOT  feet  (154.3  metresili 
the  one  where  the  system  of  independent  girders  with  curved  chords  has  txen 
carried  as  far  as  possible.  The  large  structures  erected  since  then  in  America  near 
Poughkeepsie,  Memphis,  etc.,  as  also  those  at  Cernawoda,  in  Roumania,  wcR 
designed  on  the  cantilever  or  bracket  girder  system  whereby  a  notable  saving  is 
effected,  particularly  in  the  spans  including  the  cantilevers.  As  the  emioent 
engineers  of  the  Forth  bridge  have  very  justly  observed  the  system  is  not  new,  and 
the  only  novelty  is  that  it  has  been  recently  applied  to  very  large  spans;  this, 
however,  dues  not  prevent  us  from  admiring  ihcir  work  at  a  period  when  ootbing 
similar  has  yet  been  produced. 

ll  is  interesting  to  note  that  this  cantilever  system  leads  generally  lo  the  introiioctiOD 
in  the  same  structure  of  a  neighbouring  unequal  span.  The  cantilever  arches  with 
large  spans  are  those  whose  weight  per  foot  is  the  least,  whereas  the  masses  ofnicUl 
are  mare  collected  on  the  small  adjoining  spans.  In  the  Forth  bridge  these  small 
and  heavier  spans  have  been  reduced  lo  a  minimum  which  can,  to  some  extent, 
appear  lo  be  a  system  of  twin  piers.  In  the  Poughkeepsie,  Memphis  and  Cen»- 
woda  bridges  these  spans  have  been  made  much  larger  and  are,  compar^nly 
speaking,  heavy. 

It  is  also  reniLirkablc  that  the  idea  of  cantilevers  in  the  United  Stales  adapt)  iWlf 

V  well  to  the  system  of  pin  connected  bridges  very  much  in  vogue  in  the  OP* 
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world,  as  this  system  allows  of  the  central  independent  structure  being  suspended 
from  the  adjacent  cantilevers  without  any  accessory  support,  by  taking  advantage  of 
the  expansion  arrangement.  The  great  bridge  of  Memphis  of  790  feet  (241  metres) 
span  is  built  on  this  system  (i). 

The  above  remarks  refer  generally  to  railway  bridges  in  the  open  country. 
When  we  have  to  bridge  over  a  deep  ravine  in  solid  rock,  the  arched  bridge  is  that 
which  at  once  suggests  itself.  Arched  bridges  are  also  advantageous  at  the  entrance 
of  large  to\vns  where  it  is  desirable  to  impart  a  pleasing  aspect  to  the  structures. 
This  system  of  construction  has  been  overlooked  in  many  cases  where  it  would  have 
effected  a  material  saving  in  the  cost  of  construction.  We  have  nevertheless  two 
remarkable  examples  of  Austrian  arched  bridges  with  rigid  spandrels  quite  recently 
constructed ;  we  have  the  district  railway  bridge  over  the  Danube  canal  at  Vienna 
with  a  span  of  228  feet  (69.6  metres)  and  the  road  bridge  with  a  span  of  about 
200  feet  (60  metres)  constructed  on  the  road  from  Cles  to  Dermullo  (South  Tirol), 
over  the  Noce  Gorge  which  is  452  feet  (138  metres)  deep  ('). 

In  France  there  are  numerous  and  varied  examples  of  arched  bridges ;  among  the 
more  recent  we  may  mention  the  Erdre  bridge,  of  312  feet  (95  metres)  span.;  the 
Nantes  bridge  consisting  of  five  arches  with  a  span  of  200  feet  (61  metres),  the  steel 
bridge  at  Rouen  with  three  arches,  spans  131  feet,  160  feet  and  179  feet  (40,  48.8 
and  54.6  metres),  moreover  lastly,  the  Garabit  viaduct,  the  great  arch  of  which  has  a 
span  of  540  feet  (165  metres),  the  height  of  the  rail  level  being  400  feet  (122  metres) 
above  the  level  of  the  valley  of  Truy^re. 

The  Viaur  bridge  on  the  line  from  Carmaux  to  Rodez  built  erected  just  now  for 
the  French  State  with  a  single  track  below  top  chord  by  the  Soci6tc  de  construction 
des  Batignolles,  carries  the  line  at  a  height  of  383  feet  (116.8  metres)  above  low  water 
mark,  by  means  of  a  central  arch  of  820  feet  (250  metres)  span.  This  structure 
which  looks  like  a  rigid  spandrel  arch  with  three   pin   connections  (on  piers 

(')  See  The  Memphis  bridge ^  by  Geo.  S.  Morrison,  chief  engineer,  New- York,  John  Wilayand 
Sons,  1893.     The  illustrious  engineer  who  is  an  authority  in  the  United  States  has  courteously, 
favored  us  with  all  the  particulars  respecting  this  interesting  bridge.     See  our  diagram. 

(•)  The  arch  bridge  built  in  1884  for  the  District  Railway  has  a  versine  of  20  feet  9  inches 
(6*327  metres)  which  in  the  span  of  228  feet  (69-60  metres)  gives  a  rise  of  1  :  10.9;  this  bridge 
consists  of  four  iron  arches  carrying  two  tracks ;  the  dead  load  on  each  arch  is  1 ,000  lbs  per  feet 
(1,500  kilograms  per  metre)  run.  The  road  bridge  over  the  Noce  built  in  1888  has  a  versine  of 
33  feet  (10  metres)  which  in  the  span  of  198  feet  (60  metres)  gives  a  rise  of  1  :  6.  The  roadway  is 
20  feet  (6  metres)  wide,  it  consists  of  a  layer  of  timber  6  inches  (15  centimetres)  thick  and  rests  on 
two  arches  simply,  each  of  which  has  a  dead  load  of  600  lbs  per  feet  (900  kilograms  per  metre) 
run  of  arch.     The  two  bridges  have  trussed  spandrels  and  hate  jointed  abutments. 
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i  span  of  1,393  feet ;  i86-2  meti-es),  engineers 
^liispan!).  The  universal  eNhibition  in  Paris  in  Ii 
:  ;,i  inteoded  to  connect  France  with  England  by  nie^  -an 
, ,  -2,3(10  feet  long  iTiOfl  to  700  metres)  (*).  In  Amei  ^'itl 
i,ii]-(XinoPCled  bridges  and  suspension  bridges  it  ~  ha| 
i.irnsion  hridges  are  preferable  for  very  large  spans  .fsi'^ 
([lisffport  we  are  informed  of  the  important  Ira^^Rf' 
,i.,^.j.|fj  in  New-York  respecting  a  bridge  of  imnie^  c.w 
.  ',H-1)  is  to  be  built  over  the  Hudson  river  to  coni^^ej.t 
,ii,.ilocksnn  the  two  hanks,  starting  lK't«e<',n  str^^wfj 
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Sled  company  was  established  in  New-York  under  the  tittle  of «  The  New> 
I  Nt;w-Jerii;ey  Bridge  Company  ».  On  the  basis  of  a  fully  worked-out  plan  this 
by  eiilered  into  a  contract  with  the  Union  Bridge  Company  at  New-Y'ork, 

my  N"  1  to  construct  a  bridge  on  the  cantilever  system  with  two  large  double 
■  spans  given  by  the  following  is  the  diagram  : 

_  IW  ^  -«)■  „  TOO'  V  ....       '™'  V  «"■  V  Slfl"  \ 
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Bchomo  prepared  for  a  width  sufficient  for  six  railway  tracks  would 
ng  (0  the  particulars  which  have  been  officially  communicated  to  us  neces- 
tolal  weight  of  iron  work  of  106,68S  metric  tons  (').  The  plan  ivas  sub- 
mitted to  the  United  States  Congress  and  was  sanctioned  by  vote  of  the  Assembly 
<<on  tile  7th  of  June  1894,  but  President  Cleveland  after  careful  examination  of  the 
'question  vetoed  it,  particularly  owing  to  the  fact  that  a  pier  placed  in  the  centre  of 
the  river  mi^hi  (create  a  serious  obstacle  to  navigation.  A  special  commission  was 
appointed  to  study  the  possibility  of  bridging  over  the  river  with,  a  single  span  on 
the  suspension  bridge  system.  Colonel  Lamont,  secretary  for  War,  had  the  same 
question  under  consideration  and  on  the  4th  of  December  1801  he  decided  that  the 
f  bridge  should  be  thrown  across  the  river  in  a  singlespan  of  3,200  feet  (975.30  metres), 
such  a  sus|M!iision  bridge,  being  not  only  practicable  but  also  admissible  from  an 
economical  poiol  of  view  as  the  total  expenses  would  not  exceed  23,000,000  dollars 
llfJ.OOO.OOO  friincs),  the  interest  on  which  would  be  covered  by  the  probable  traffic. 
At  the  moment  of  going  to  press  we  have  received  the  extremely  interesting  pam- 
phlet on  this  matter  entitled  the  «  Beport  of  Board  of  Engineers  on  New-York  and 
New-Jersey  Bridge  »,  containing  not  only  the  report  of  the  commission  entrusted 
with  the  surveys  and  the  comparison  of  the  alternative  proposals,  but  also  a  large 
number  of  tables,  sketches  and  calculations  (*). 

('}  This  would  make  about  1~>M  tons  per  metre  ot  track  for  3,720  feet  (1,133.80  metres) 
being  the  total  of  (he  free  spans. 

(*j  The  report  was  dated  the  23rd  .August  1894  and  (lie  pamphlet  bears  the  insrriptifin  Wash- 
ingion  Go'oernment  pritUing  office,  1894.  The  mcmlwrs  of  the  committee  are  :  G  Bouscaren, 
W.-H.  Burr,  Theodore  Cooper,  Geo.  S.  Morisoii,  C.-W.  Raymond.  The  .iimeies  refer  mostly 
to  plans  for  suspension  bridges  proposed  b;  G.-H.  Srhwnb,  \V.  Hildeiibrand,  G.  LindenlhtJ  and 
iilhers,  as  also  the  cantilever  projort  by  C.  Mucdonald  of  the  L'nion  Dridgc  Compnnr. 
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stock  in  use,  in  order  to  deduce  therefrom  the  rules  for  loads  applicabte  te  iron 
bridges,  either  already  constructed  or  about  to  be  erected. 

These  rules  might  be  issued  either  in  the  form  of  typical  train  loads^or  ia  the 
form  of  two  scales  of  loads  uniformly  distributed  (per  meter)  per  foot  of  track,  one 
referring  to  the  bending  strains  and  the  other  to  the  shearing  strains^  both  being 
applicable  to  all  ordinary  bridges,  provided  that  the  length  of  the  track  loaded  is 
always  taken  as  a  basis. 

In  the  former  system  ii  is  desirable  always  to  consider  at  least  two  typical  trsuns 
representing  the  two  extremes  of  the  traffic,  that  is  to  say  aa  express  train  with  the 
heaviest  axle  loads,  the  heaviest  engine  and  the  heaviest  tender,  and  a  proportionate 
train  of  carriages,  then  a  goods  train  with  engine  having  heavily  loaded  and  nume- 
rous axles  close  together,  an  ample  tender  and  a  long  train  of  wagons  or  triicks  of  the 
heaviest  kind.  We  should,  of  course,  admit  the  maximum  effects  of  load  resulting 
from  either  of  these  trains,  if  we  assume  them  to  be  placed  in  the  most  unfavour- 
able positions. 

The  latter  system  is  one  to  which  engineers  will  most  frequently  have  recourse 
in  order  to  work  out  current  calculations,  even  when  the  moving  loads  have  been 
prescribed  under  the  form  of  typical  trains.  Instead  of  recommencing  the  study 
of  these  trains  for  each  bridge  plan  or  even  of  introducing  them  effectively  into  the 
calculations  of  resistance  it  is  much  more  advantageous  to  make  this  calculation  once 
for  all  and  to  prepare  the  scales  of  uniform  equivalent  loads  which  may  afterwards 
be  at  once  applied  to  all  spans  or  lengths  loaded  without  having  to  make  a  fresh 
calculation. 

Important  progress  has  been  effected  in  this  kind  of  calculation  especially  by 
introducing  the  principle  of  lengths  loaded  serving  as  a  basis  for  the  scale  of  loads 
and  by  extending  the  use  thereof  to  the  calculations  of  transverse  girders  and  longitu- 
dinal stringers. 

4.  —  The  Congress  is  of  opinion  that  for  the  last  ten  years  the  weight  of  loco- 
motives, tenders  and  waggons  has  materially  increased  through  almost  the  whole 
of  Europe  and  especially  in  the  United  States  of  America.  The  author  has  sub- 
mitted to  the  Congress  a  complete  plan  of  load  regulations  which  would  suffice  to 
meet  the  requirements  of  the  heaviest  trains  now  running  on  the  largest  lines  where 
the  traffic  is  greatest  both  in  Europe  as  well  as  in  the  United  States.  He  distin- 
guishes between  two  groups  of  lines  on  which  run  extra-heavy  trains  or  simply 
heavy  trains  and  for  the  two  cases  he  submits  his  regulations  either  under  the 
form  of  typical  trains  or  under  the  form  of  scales  of  uniform  equivalent  loads. 
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more  rare.    Opinioes  »v  tieoenll}  ^ncd  ooir  as  m»J»  ibe  ^nfifes  «f  I 
<>r  the  •leH  lo  be  reoommended  for  brit^o ;  tr^sboold  bimhul  S  p.c  «f  • 
lioo  for  SB  Bltiimlc  letuile  unia  of  >1  lea«l  56.900  lbs  fet  sfBav  iacb    M  kHo- 
paiM  per-Mfinre  oiillbnetrf  .     Ho«M«r.  in  Ibe  case  of  bcMfn 
a  harder  nwtal  fbooM  be  touf tit,  acronlin^  to  the  gnita  arc  I 
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In  tbe  fonwr  <sse.  that  is  for  itpJinar^  ddtL.  we  m^t  adnnt.  aa 
Iff  weld'iron,  lb<>  linito  of  working-strain  from  S.rM  tu  l*.800lbsper 
6  to  d  kilognnu  per  Bqaan^  millimetrr  f.ir  Ibe  metal,  whems  for  f\<rptMwllT 
large  main't^rder*  lhe««  liniitt  imy  be  inrmsed  bt  fnxu  H.IOn  lo  17.100  lbs  per 
square  inch  8  to  12  kilograms  per  zqaare  millimetre  nilli  aburt  oiM-eJffath  man 
fur  wind  freflkun!'.  It  i«  dMrmble  in  all  ca<«»  thai  tbe  waTiilq^4tniD  alknted 
(hall  nner  exceed  Eialf  the  limit  of  elastidlv  uf  tbe  metal  nsed;  in  tbe  cne  of 
allemaljoic  ftrain*  it  Is  even  well  to  ElJII  rorther  sliglith  reduce  this  nmit 

6.  —  As  lo  Ibi!  action  uf  the  w  ind  on  bridges  il  b  ajneed  almost  on  all  hands  lo 
adopt  the  co-effideols  »pcdlied  h\  English  engineers  iImjuI  1881  >A 

lluwever,  continental  engineers  in  ttoth  hemispheres  have  somewhat  modified 
Iheac  regulations  by  admitting  that  a  pr»«are  of  35  lbs  per  square  fool  170  Lilo- 
grams  per  square  metre  is  sulTiciont  so  long  as  trains  are  able  to  run.  whereas  the 
traffic  would  of  neiressily  be  interrupted  by  a  wind  pressure  rqual  lo  SS  lbs  per 
aquare  fiM>t  i270  kilt^rams  per  square  mi-tre<. 

7.  —  As  n>4{ard»  bridges  properly  constructed  in  accordam-e  with  the  condilioDS 


I'l  Tlii*  ii  in  aM''>nIaDr^  «iih  tlie  tiAi-  uf  ilic  G>ngrtsE  at  Um*  ttb  »:^<-n  ft  : 
.  hi  IWIS,  which  vMc  ndmi;ti^  two  Tchii-lei  each  wilh  4  nsle*  ci  14  tuus  sepvnt'i)  bi  h  ilistJUKii- 
»r4Ii^'1.S0lnclFc),    It  hhouM  mere);  be  added  that  tlw  lolal  irtMX-I-base  lu  be  Uivu  ititD  cquS; 
ilcniiiuu  ■( abuui  lOlt'et  4.80 iueln-<luudiIii-21t)coinutiTesflii<uliltM  taken: 

[  )  Report  of  llu  eommilleti  apptrinted  b,  tontidtr  ike  gtuSion  of  icindfireutin  i 
ffniedirM.  L<indi>ii,  IHAl.Ti  EiJn.  Em-andSpnittewowde. 
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laid  down  above  it  appears  to  follow  from  the  investigations  of  the  author  covering 
the  weights  of  more  than  1,000  structures  supplied  by  the  railway  departments  that 
the  quantities  of  metal  to  be  used  in  bridges  are  about  as  follows  (^)  : 


Spam 

a* 

(0  m.) 

33' 

(10  m.} 

164' 

(Mm.) 

321' 
(100  m. ' 

686' 

(200  m.! 

914' 

(300  m.i 

1312' 
(400  m.) 

1640* 

(BOim.) 

/  Minimum     .     . 
Weight  per  metre  of  track'   Medium  .    .     . 

(  Maximum   .     . 

0-2 

0-35 

0-5 

Tm*. 

0-6 
1-0 
1  4 

Tana. 
17 

2-6 
35 

30 
4-3 
5-6 

Tmi. 

5-6 
7*3 

90 

8-2 
10-1 
120 

Tom. 

10-8 
12  8 
14  8 

Tmw.    I 

13  5 
15-5 

The  weights  indicated  however  cannot  be  regarded  as  justified  by  present  practice 
except  up  to  spans  of  660  feet  (200  metres)  or  thereabouts  owing  to  a  want  of 
a  sufficient  number  of  examples  of  bridges  of  larger  span. 

8.  —  Lastly  the  Congress  considers  that  it  would  be  useful  to  study  in  the  various 
countries  whether  the  increasing  loads  imposed  on  the  permanent  way  by  the  ever- 
increasing  weight  of  the  rolling  stock  used  in  the  traction  service  are  properly 
warranted  by  the  advantages  which  they  confer. 

This  investigation  applies  particularly  to  the  permanent  way  and  to  iron  bridges  of 
a  medium  span,  the  reconstruction  of  which,  while  the  line  is  still  being  worked,  gives 
rise  to  inconveniences  and  to  considerable  expenditure.  As  regards  iron  bridges  of 
small  span  their  renewal  can  easily  be  effected  by  pushing  them  on  from  the  side 
between  the  passage  of  two  trains.  As  regards  iron  structures  of  very  long  span, 
reconstructions  or  renewals  can  hardly  ever  be  carried  out  (Conway,  Brit<innia, 
Saltash)  on  account  of  the  unimportant  part  which  the  moving  loads  play  in  them. 
But  as  regards  all  kinds  of  structures  comprised  between  these  extremes  as  well 
as  regards  the  permanent  way,  the  investigations  in  question  is  of  very  considerable 
importance. 

Resolution  proposed  for  question  iV-B. 

That  the  initial  and  periodical  test  loads  applied  in  almost  all  countries  for  iron 
railway  bridges  are  indispensable;  they  constitute  a  guarantee  of  safety  to  which 
the  travelling  public  and  the  railway  staff  are  entitled.  Nevertheless,  the  favorable 
results  furnished  by  these  tests  are  simply  for  the  guidance  of  the  engineers.  They 
do  not  in  any  way  supersede  the  necessity  for  careful  inspection  and  maintenance 
of  all  the  component  parts  of  each  structure. 

(*)  This  scale  admits,  for  intermediat«^  spans,  the  usual  rectilinear  interpolation.  The  weights 
named  do  not  include  the  permanent  way  and  the  timber  flooring. 
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APPENDIX  i. 


•rte  of  fhe  loq^erial  Boyal  Miniitry  of  Commerce  (Austria)  of  16th  September  1887, 
eoBeecanv  the  eaftjgaards  to  be  observed  in  regard  to  Bailwaj  Bridges.  Bridges 
passing  «7er  Bailways  and  Boad  Approaeh  Bridges. 


According  to  the  Regulations  regarding  Railway  woi*kmg  (decreed  16th  November  18ol  , 
the  following  roles  hold  good  : 

(A).  —  Projected  Railway  Bridges. 

§  1 .  —  Presentation  cff  schemes. 

The  scheme  for  proposed  Rail  way -Bridges  must,  before  work  is  commenced,  be  submitted  to 
the  Ministry  of  Commerce  for  approval. 
The  scheme  must  icootain  : 

(a).  A  goaeral  plan  of  the  Bridge  on  a  scale  of  1  :  1 ,000  —  also  general  and  detailed  plans  of 
the  piers  on  a  scale  of  1  ;  100,  and  further  a  plan  of  the  distribution  of  the  various  material>, 
a  general  and  detailed  plan  of  the  supei-structure,  the  latter  being  on  a  scale  of  1  :  IM  (for  certain 
details  separately  shown  a  scale  of  1  :  15  or  1  :  20  may  be  u<ed).  The  materials  used  to  In- 
specified  on  the  plans,  both  as  regards  quality  and  dimensions  with  a  view  to  calculated 
resistance. 

[h).  Information  as  to  the  weight  of  the  structure  i)ernianent  load  . 

[c).  The  calculations  by  which  the  dimensions  are  obtained;  and  for  local  and  industrial 
lines  a  report  is  to  be  added  of  the  load-efiects  produced  by  the  heaviest  rolling-stock  u-<'d 
thereon. 

[d].  For  bridges  of  over  22  yards  20  metres^  span  or  of  unusual  system  or  form  of  construc- 
tion, a  calculation  of  the  peculiar  deflection  produced  by  the  live  load. 

55  2.  —  Cli'ur  sjKJCt'  iiii  li/ttff/is. 

The  biidge  must  be  arranged  of  such  width,  that  both  in  the  case  where  the  line  is  carried  on 
the  top  chord  of  the  girders  or  where  it  is  carried  Ud«»w  there  is  a  distance  of  at  least  7  feet 
2.15  mctix?s^,  between  the  gauge  axis,  and  the  neaivst  hand-rail  or  outer  edge  of  the  platform. 
In  the  case  of  when  the  line  is  carried  on  the  top  chords  of  main  Lrirders,  or  laid  betwen  the  latt-  r 
theiY'  must  be  the  same  cleanince  between  the  gaugt^axis  an<l  the  Ixmins  or  the  diagonals,  te  a 
height  of  G  feet  6  '  «  inches  (2  metn.'si  above  the  platfi>rm. 
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The  clearance  to  the  uprights  or  vertical  bracing  bars  may  be  i-educed,  but  as  regards  this  and 
tho  clearance  in  all  directions  not  previously  mentioned  the  following  profile  holds  good  : 
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Explanation  :   Hauteur  =  height,  4-80  =  15"  7".  Axe  de  la  voie  =  Axis  of 
gauge.  T*U!  du  raU  s=  Rail  level.  0-76  »  T  6".  \'bi  =  5*  0".  1-90  « (Ta" 
l-oO  -  5'3".  3-05  =  10'  0".  0-76  =  2'  6".  0-23  «=  T, 


^3.   —  Lmids. 

*    The  loads  to  be  allowed  for  in  calculating  stresses  are  the  weight  of  the  structure  itself  f|)ennan- 
eiit  load)  and  the  occasional  loads  due  to  rolling  stock  (live  loadi. 

The  effects  of  wind  pressure  must  also  be  taken  into  account  and,  when  necessary  for  tho 
superstructure,  the  alteration  of  temperature.  For  reckoning  loads  the  followiii;r  tables  are  to 
be  used  : 

id).  To  calculate  the  tiniss-booms,  assuming  the  bridge  to  be  of  the  usual  type  with  free 


Biippiirted  g-iri.ki's  and  the  lnaJ''i[nally  distriliuti'dover  tin-  whole  s^iaii.  ly-ckoiied  fmm  tbr-reiitres 
of  the  aiippni-ls.  tlie  following  table  is  to  forve  os  standard  tor  each  irack  : 


(ft).  For  I'nlculalJtig  ihe  hrncitig  of  the  main-girders  for  each  cross-section  of  a  briiBP.  tte 
in'CBttMt  sliearing  stress,  in  one  direction  ur  the  other,  due  to  the  live-load  is  ko  detcnniiwd  ^ 
riuisidering  lliu  load  only  between  the  section  in  question  and  llw  corresponding  abutment.  TU| 
load  is  tn  he  reckoned  fur  oiuJi  metre  of  length  loaded,  independently  al  the  span,  acconlii^  M 
111'.'  fnllnwing  tabl'"  :  ' 


{e).  For  calciilatinur  the  Iwionisof  i-iintinuouG  girders  resting  on  mwifaBE  iw  support*.  bA 
are  lo  bf  rei-konnd  on  according  to  table  R.  at  the  same  time  taking:  into  aix^tnai  ibe  lMd-<qMb»- 
alions  which  pi-oduce  the  greatest  liendiiig-moments.  1 

For  calculutjni^-  the  bracing  of  the  above,  within  Ihe  opening  cotttidomd.  fkt  Int^liMib  ■•  to 
be  rocltoned  by  tabli;  b ;  but  for  Ibe  simultaneous  effects  on  the  above  tmmmc.  tl  kXkJa  paArf^ 
other  openings,  table  n  is  tu  be  uelvI. 

(d).  For  other  forms  of  coiulruction  than  those  contemplated  in  (at.  ih„and(c.  .**<:*ilV 
or  abullml  sjsloms  arehed  liridgos,  anchoivd  girders,  etc.,.  when  the  ^mto  ^qfiratii)n<<i 
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fit  and  fl  is  not  admissible,  such  train-loads  are  to  be  chosen,  as  correspond  approximately  to 
the  loads  given  for  bridges  of  usual  form,  and  for  this  the  following  data  are  admissible  : 

The  train-load  is  to  be  considered  as  consisting  of  3,  eight-wheeled  locomotives  each  of  1 2  feet 
(3.6  metres)  total  wheel-base  and  29.6  feet  (9.5  metres)  total  length,  together  with  their  six- 
wheeled  tenders  each  having  a  total  wheel-base  of  10  fejet  (3  metres)  and  20.4  feet  (6.1  metres) 
total  length,  together  with  the  necessary  number  of  4  wheeled  wagons  each  with  a  w^hcel-base  of 
10  feet  (3  metres)  and  total  length  of  26  feet  '7  metres),  and  the  loads  on  each  axle  arc  to  be  taken 
as  :  Locomotives  13  tons,  tenders  10  tons,  and  wagons  8  tons. 

In  the  case  of  small  spans,  the  load-efFcct  of  the  train  is  increased,  being  rtx^koned  on  the  basis 
of  a  load  on  each  axle  of  14  tons:  in  the  case  of  veiT  large  spans  it  may,  however,  be  somewhat 
reduced  in  view  of  the  probability  that  the  loads  on  all  the  axles  and  the  distances,  between  them 
will  not  simultaneously  happen  to  be  in  the  most  unfavourable  combination. 

[e].  In  calculating  intermediate  cross  girders,  the  live  load  is  to  be  taken  (according  to  table  ci), 
as  half  the  total  load  on  a  bridge,  whose  span  is  equal  to  the  distance  betwcim  the  two  cross  girders 
on  each  side  of  the  one  under  consideration. 

End  cross-girders  can  be  reckoned  by  the  same  rule,  by  assuming  an  imaginary  support  of  the 
track  at  suitable  distances  beyond  them,  as  substitutes  for  the  omitted  neighbouring  cross- 
girdors. 

The  fail-bearers  are  to  be  considered  in  the  same  way  as  main-girdei^  supported  on  cross- 
girders. 

if).  The  wind-effect  is  to  be  found  by  reckoning  either  on  a  pressure  of  53  :  3  lbs.  per  squai^  foot 
(270  kilogrammes  ptn*  metre)  on  an  unloaded  bridge  or  a  pressure  of  35  lbs  per  square  foot 
170  kilogrammes  per  metre)  on  a  loaded  bridge;  whichever  of  the  above  two  conditions  gives 
the  most  unfavourable  result,  is  the  one  to  be  taken  into  account,  thus  :  — 

(1).  For  an  unloaded  bridge  the  whole  surface  exposed  to  the  action  of  the  wind  on  the  wind- 
wai'd  side  is  to  be  taken  into  account ;  the  surfaco  exposed  on  the  corresponding  side  of  the  other 
girder  is  found  in  the  same  manner  and  then  reckoned  by  making  a  reduction  according  to  the 
following  table  : 

In  the  case  of  a  loaded  bridge  the  train  is  to  be  regarded  as  a  continuous  rectangle  8.25  feet 
2.5  metres)  high  and  1.65  ft.  (0.5  metres)  above  the  rails.  The  total  exposed  surface  is  the 
surface  of  the  train  added  to  the  surface  of  the  windward  girder  not  occupied  by  the  train  and  to 
the  corresponding  area  of  the  other  girder  reduced  according  to  the  table  : 


Table 

FOR   FINDING   THK   EFFECTIVELY   EXPOSED   SURFACE   ON   THE  2nD   (LEE   SIDE)   GIRDER. 


Proportion  of  aren  of  Openings 
tu  total  area  of  one  side. 

Proportionali*  Keduced  area 
of  tlie  .second  (lee  side)  girder. 

0-40 

0-2 

0-60 

0-4 

0-80 

10 

1 

For  intermediate  values  a  rectilinear  interpolation  is  to  be  made  use  of. 
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IS  uwing  to  ('liaiifT'-  iif  ti'mjicra* 
111  liiippiirts,  cli'.'.  such  ^nsse^ 


[tf,.  IiJ  I'nsd-  the  nioliind  iit  c'lii^lrucLiiiiL  I'liUiiU  iiikTual  ^iiiii 
liii'e  irur  (Txarapti:  itn:hnl  Li'jdgi».  t^nituiiiaiu  frii-dcnv  mi  hi^h  i 
nuti-'t,  ot  coam',  be  Uikou  itito  ocooiuit. 

Xlic  ilTiinaiic  iMUvts  'duo  .tu  the  conditiuii  ot  the  line  atid  I.lie  prttnissililB  spcedg  arr  also  Ui  Im- 
takcu  intn  account. 

Ill  sysluuis  of  coustruftinu  where  there  is  (in  olastif  modiuin  to  nioderale  the  &hnck  due  b> 
iiJliii!;!  HliH-k,  ati  iHlililJoii  of  10  p.  i\  iiiii«i  be  iiiadf  vo  tiip  Uve-lrmd  uoijsidci'cd. 

\h).  Ill  the  casv  ii[  liH'ul  mid  industrial  liiius,  n'hicJi  aiv  nf  etaijdai'd  gMtgc  on  wbii-h  tlie  hQ&^'^' 
■oit^t-whoclud  Incuniutivcj  du  not  nin,  the  liinds  inoiitii)iiuii  in  (a)  and  {bi  tire  to  1h^  ruduiiei]  in  ihi- 
JulUxniiig  uiaiiiior : 

(!'..  A  T^iiuti'inflf30|i.  a.  lav  ibntj^Uni^viiien:  thi^  bridgtis  a,i«  iiiic  subjwi  In  &  (neater  k«tl 
than  llial  i>f  (i  whi'di-d  Intvimritivns  with  IS  Uiiis  wiilght  dii  oai-h  aslo.  4  tmt  1 1  .S  ineUisI  dieUBior 
IxJtHOEiu  aklc-fuiiTi-es  tuul  25  '/i  tvct  i7.7  InatI^'Bl  total  lutigfh;  tuguUwr  with  thtii-  G  K-bndod 
Icudinv  of  3^1  louK  tiitiU  iwiKht  atii  30.7  fxiet  (f),3  inotres'  fotnl  loiipth. 

(2l.  A  rcdurtiiui  ij(  40  \i.  c,  when  the  bridjiBs  are  not  aulgtn'i  to  a  (ITOIiTpi-  load  liiau  that  of 
-Cn^eelod  tank-oiifnupt,  uT  H..*)  t«ie  weight  cui  nach  ade,  3.6  toei  ^1.1  raolri'l  distoucc  tK>iwi?cri 
tail'  L-culiwB  and £3.7  Ieul(7.2  molrw)  total  loit^h. 


S  4,  —  fititiiMs. 

Th<!  loads  and  slpeasos  sjuvified  in  S  3 ;  [u,.  /«.  (c),  (rf),  (<■).  i,ff).  l/,i, 
load  Cweiglit  of  structiurf;,  shuuld  not  produoe  anj  groaiw  BCntins 
(aHwwtng  (i>r  rivul-hoW  mid  in<!flljctive  portiona)  por  square 
(o).   For  wriiu;.'ht  imn  (teliBiim,  coinpri.issinii  and  shnaring-* 
(1).  Undi?i-  V-ii  foot  '40  mrti^)  span.  4.4.'noiisiim'  squsre  iiidi  (TOO  kilnj-'i 


i^fctlior  with  the  pL-nimnent 
II  tltB  nfliwCiTe  rru<»-secticMi 
fhaii  as  foIlaWE  : 


h;  2  kiloRi'BDif  tor  eauh  metre 

[2|.  Above  132  tei-t  [40  m-'tiwl 
For  132  feat  140  metres;     , 
^  3fi4  —  (BO     —    ■( 
-  :Wo  —  ji20  —    I 
^  327  —  il'fiO  —    andabovc). 


.t  Bimn ; 

4,0o  Ions  pei 
5.2  —  ~ 
0.50  —  - 
Z.TZ  —    — 


ini-h  (78U  bilo^ 
(B40    ~ 


(900    — 
,r  interpoUtiiw 


per  *i|iiant  ■'entinictre'. 


iniarmi-dialc  spans  being  n^c.kcinuil  b^  means  <iF 

■flic  cross  girdera  and  lonirituiliiial  beams  aru  to  be  reckoned  aeeriiiliiiji  to  thtar  rpan, 
as  abore. 

(3).  For  ealeulating  Etrenpilh  of  rivets  as  Ti'gards  shearing) :  in  eiiedirocrititi  oalj.  3.8  tans  por 
«(pmiviiieh(6f)()kilnsTMnmtsibiit  wheninawpi'aldirirtionsS.!?  tons  pm-sciuare  iuidi  (500  kilo- 
grammes) isnIIi)Wa1ilcAUil  mrc  must  be  taken  that  the  projoetiou  of  liic  aurfarc  of  the  rivoi-hule  n 
nut  strained  l>ejaud8.'J  tons  pi-r  squaro  ineh  (1,400  kiiograniiDr«  pi^r  sqiiaru  i.'i»i[1iii(<tre}. 

(4).  For  eh  earing  strength  parallel  lo  dirt^'liini  of  i-olling  3.17  tone  per  squsrv  inek  (300  ldl» 
Iframmcs  per  square  contiinctiv). 

(5).  Wrought  iron  rauBt  have,  with  a  breaking  strength  of  23  tons  per  *i|uaro  inch  (n.eCO  kiln- 
grammris)  and  nivr,  at  least  12  p.  c.  extension,  length -wise.  With  a  lon-er  biviikiiig  strvngib, 
tbcre  must  be  a  oorrespuudiiigl;  greater  cslonsion,  whicii  should,  in  tlie  eascof  tbe  l>iwo$t  ntliDb- 
siblu  breaking  strength  ol  21  tons  per  square  inch  (S,300  kilogrammos),  be  at  least  2U  p.  e. 

The  extension  is  to  Im!  meaani-ed  bj  means  of  a  test-piece  of  725  square  inches  ^3  square  oeoli- 
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metres)  cross  section  and  7.9  inches  (20  square  centimetres)  marked  distance.  If  the  nse  of  a 
test-piece  of  other  dimensions  is  unavoidable,  Hie  squaares  of  the  marked  dcstanccs  must  be  propor- 
tional to  the  cross-sections. 

(b).  For  cast-iron  (which  should  not  bo  used  for  any  portion  of  the  superstructure),  the  stress- 
limits  are  fixed  at  :  4.45  tons  per  square  inch  (700  kilogrammes)  for  compression  1.27  tons  per 
square  inch  (200  kilogrammes)  for  simple  extension,  and  1.9  tons  per  square  inch  (300  kilo- 
grammes) for  tension  in  case  of  bending. 

(c).  For  toood  the  limit  is  fixed  at  1.5  ton  per  square  inch  (80  kilogrammes)  for  compression 
and  tension  in  the  direction  of  the  fibres. 

(d).  For  all  portions  in  compression  the  necessary  resistance  to  buckling  is  to  be  provided  for. 

(e).  The  maximum  combined  stresses  on  the  materials  of  the  wind  stresses  specified  in  §  3  (/*) 
and  of  the  above-mentioned  stresses,  should  not  exceed  the  following  liimts  lor  the  various  mate- 
rials considered  : 

For  §  4  (a)  1  and  2  .     .     .  6.35  tons  per  square  inch.  (1,000  kilog.  per  square  centimetre). 

—  §  4  (a)  3 4.45  —      -  (700    —       -           — 

—  §4(a,4 3.8    _    _            -_  (600    —       —           — 

—  §  4  (c) 0.57 —  (90    —       —           — 

§  5.  —  PrcreisioHB  for  safety^ 

(a).  For  all  bridges  and  viaducts  with  a  total  length  exceeding  65.5  feet  (20  metres)  measured 
between  the  last  sleepers  on  the  ballast  at  each  end  special  provision  must  bo  made  against  the 
dai^gerous  consequences  of  a  derailment. 

The  check  rails  must  not  be  more  than  3  centimetres  higher  than  the  running-rails,  and  between 
them  and  the  latter  a  space  of  16  centimetres  must  be  left  as  clearance  for  the  whcd-fianges. 

The  check-rails  must  reach  the  ballasted  sleeper  at  each  end  and  must  protect  the  whole  rail- 
distance  between  them. 

(ft).  The  influence  of  temperature  variation  must  be  guarded  against  by  moveable  supports  and 
the  expansion  of  the  permanent  way  must  be  provided  for. 

(c).  Parapets  must  be  placed  on  all  bridges  which  are  not  further  than  2,640  feet  (800  metres) 
fix)m  the  nearest  switch-points  of  stations,  stopping-places  and  sidings,  which  are  provided  with 
distant  signals ;  or  not  more  than  655  feet  (200  metres)  from  the  middle  of  any  such  place  not 
provided  with  distant-signals  and  not  used  for  trains  to  pass  one  another. 

In  the  case  of  local  lines  the  above  distances  are  reduced,  viz  :  —  for  stations  provided  with 
distant-signals,  the  distance  is  328  feet  (100  metres)  beyond  those  signals  and  for  those  without 
distant-signals  1 ,320  feet  (400  metres)  beyond  the  furthest  switch-point  and  for  stopping  places 
without  crossings  328  feet  (100  metres)  from  their  centres. 

All  structures  without  exception,  which  are  more  than  65.5  feet  (20  metres)  long  between  the 
last  ballasted  sleepers  are  to  have  parapets  and  where  wing- walls  parallel  to  the  line  occur  the 
parapets  are  to  extend  over  them. 

§  6.  —  Exceptional  cases. 

(a).  For  lines  where  unusually  heavy  rolling-stock  is  to  be  used,  for  steam  tramways,  for  lines 
of  usual  gauge  without  steam  traction,  for  lines  of  unusual  gauge,  and  in  cases  where  con- 
structive materials  of  an  unusual  quality  are  used,  and  any  other  exceptional  cases,  the  above 
specification  may  be  altered  to  suit  the  nature  of  the  case. 


[b).  Pi)r  materials  such  as  <itoii 
tlvose  portions  [caiitilevors,  pillars 
s{iedal  data  are  to  be  used  based  i 


ic,  brick,  lead,  etc.,  nbich  are  iiol  iacluded  in  S  ^,  >!*»  '■< 
,  etc.)  nol  included  In  the  main-cross  and  loujniudiul  girded, 
IS  tar  as  possible  on  practical  experience. 

-  Superirilfiidcnee  of 


of  railways 
used,  at  th< 


!  tlio  coitstruction  of  brldgis  a<xordIiig'  U)  official  speci&cAtiori,  ibe  Slate 
is  to  superintend  the  censtructiou,  or  if  desirable,  make  tesU  of  the 
cost  oF  the  rnilna;  Administration. 


S  s. - 


Proctulvre  preliminary  lu  cfficM  U-M. 


Before  being  opened  lor  traflic,  new  bridges  must  be  offlciall;  examined  and  lested.  For  Uiis  J 
purpose  a  chief  commissioner  will  be  appointed  bj  the  R.  I  Dopartroent  for  the  fUporiitt«<idei»a  I 
of  tlic  Austrian  railwajs. 

This  appointment  is  made,  on  receipt  of  a  requisition  from  the  railwajr  Administntion,  which  J 
must  containalist  of  the  works  to  lie  inspected,  with  the  government  decrees  containing  apptwal  I 
of  the  scheme  and  also  information  oii  the  following  points  :  — 

(11.  X  descriptive  sketch  of  the  trains  to  be  used  for  the  load-tesl,  whicli  should  pradui*e,  i 
nenrlj  as  possible  the  same  betiding  moments  as  the  loails  specified  in  §  3  (also  §  6|. 

The  trains  tor  each  track  must  be  composed  of  at  least  one,  two  or  tbive  locomotives  for  spuis 
up  to  41)  feet  (15  metres]  tJ2  feet  125  metres] or  al>ove  82  feet  (25  metres)  respeclivcljr.     The  loco-  ■ 
motives  are  lo  be  complciclj  fitted  and  of  the  heaviest  tjpe  lo  be  usivl  on  llio  line  and  a  aufflcJCnt  J 
number  of  fully  loaded  wagons  are  to  be  added  to  cover  the  greatest  length  of  structure  ba  be  1 
rested.  I 

(31,  The  calculated  percentage  of  the  prescribed  load-ctTect  obtained  by  the  list-train,  uid  Ibe 
greatest  deflection  calculated  on  fur  the  train. 

(b).  Koi'  tlie  aliieial  tt-st,  the  railway  Administratioii  is  to  appoint  a  responsible  rcprraenlativo, 
who  is  to  hove  the  original  approved  jdans  and  the  decrees  containing  their  approval. 

The  Administi'ation  has  to  provide  the  test  trains  and  necessary  moasuring  apparatus  and  also 
the  permanent  level  marks  as  specified  ing  11. 

§  il.  — ■  Otrryiiig  oitt  of  load-iesU 

(ai.  The  lest  of  oucli  opening  of  a  bridge  has  to  be  done  with  a  stationary  as  well  as  a  moving 
load. 

If  there  are  several  bridgres  of  similar  coijstruction,  and  equal  span  of  loss  than  33  I 
[10  metresl  span,  it  is  not  necessacy  to  enlend  the  li-sts  over  all  these,  it,  in  the  opinion  of  tl 
R.  I  inspecting  official,  the  results  previously  attained  are  sufficiently  decisive. 

Ifn.  Fur  testing  with  slaiioii&ry  load,  the  tost-trains  spcciHod  in  §  8  f<i)  are  lo  be  placed  si 
sively  ill  the  positions  whicli  an;  the  most  disadvantageous  for  the  atnietuns  and  are  tohoU 
in  each  of  these  positions  until  no  further  increase  of  deflection  U  popceptible. 

For  ordinary  suporstruciuros  with  free  supported  girders  il  is  sufficicnl  to  test  ihe  bridge  ■trtw 
one  halt  and  the  whole  of  its  letigth  have  been  successively  litadcd. 

Por  arches  of  large  span,  separate  tests  must  le  made,  firstly  with  the  load  In  the  middle  of  II 
ari'hand  the  neighbourhood  of  the  abutments  unloaded,  and  secondly  willi  the  middle  unlosdalj 
iiiid  the  load  placed  on  the  two  sides  near  the  abutments  of  the  arch. 
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For  continuous  girders,  two  testing-trains  are  necessai^  for  each  track,  long  enough  to  load 
two  openings  simultaneously. 

For  testing  a  pier  and  the  portion  of  the  girders  thereon,  the  two  openings  adjacent  to  the  point 
of  test  must  be  loaded  simultaneously  on  their  whole  length. 

To  test  the  girders  at  the  middle  of  an  opening  the  load  must  cover  successively  the  half  and 
the  whole  of  the  opening,  but  also  simultaneously  in  the  first  case  the  whole  length  of  the  largest 
contiguous  opening  and  in  the  second  case  the  largest  of  the  next  two  ('). 

(c).  For  moving  line-load  tests,  a  train  as  specified  in  §  8  (a),  1,  but  with  only  two  locomotives 
must  run  over  each  track  at  a  speed  of  about  12  1/2  miles  (20  kilometres)  an  hoiir. 

Afterwards  a  run  must  be  made  with  the  same  trains  at  a  speed  of  25  to  32  miles  (40-50  kilo- 
metres) an  hour. 

In  case  the  masonry,  or  the  connections  of  the  superstructure  thereto,  is  not  properly  set,  these 
tests  with  rolling  load  may  be  made  at  a  later  date. 

{d].  For  bridges  for  two  or  more  tracks,  having  a  common  bearingHstructure,  the  above  load- 
tests  must  be  made  on  all  the  tracks  simultaneously,  after  having  befen  first  carried  out  on  each 
track  sepai*ately. 

{c).  For  local  and  industrial  lines  the  tests  with  rolling  load  (c.  above)  may  be  omitted. 

§  10.  —  Official  repo7't. 

A  I'eport  must  be  drawn  up  of  the  oflicial  examination  and  test,  which  should  contain  the  data 
specified  in  §  8. 

The  report  must  contain  an  account  of  the  permanent  and  elastic  deflections,  and  also  the 
readings  on  the  |x?rmanent  level-marks  (§11)  and  must  also  report  whether  the  structure  is  in 
accordance  with  the  approved  plans. 

Finally  the  official  of  the  Austrian  R.  I.  Railway  inspecting  department  shall  specify  whether 
the  bridges  may  be  unconditionally  or  conditionally  opened  for  traffic  or  whether  the  matter  must 
be  deferred  for  reference  to  a  higher  authority. 

§  11.  —  Periodical  inspection. 

The  railway  Administration  must  (apart  from  their  own  independent  supervision)  at  least  every 
six  years,  undertake  examinations  and  tests  according  to  the  rules  specified  in  §  9  (ft)  and  (rf). 

For  this  purpose  it  is  allowable,  in  ascei*taining  the  elastic  deflection  in  the  case  of  continuous 
girders,  to  limit  the  load  to  the  span  under  consideration  and  for  every  kind  of  structure  up  to 
79  feet  (25  metres)  to  use  the  regular  trains  as  live  load. 

[b).  The  observation  and  tests  made  should  be  i*ecorded  for  each  bridge  separately,  for  examin. 
at  ion  by  the  authorities. 

To  facilitate  the  investigations,  all  bridges  of  more  than  65.5  feet  (20  metres)  span,  should  be 
provided  with  pcnnanent  level-marks  at  the  middle  of  the  openings  and  at  the  supports  of  the  main 
girders,  which  will  enable  observation  to  be  taken  of  any  permanent  deflection  which  may  appear 
ill  the  course  of  veai*s. 

;M  ^Feld)  (Feld) 

< .  .  travie .  .  >  < . .  trav6e . .  >  _«^_ 


^ 

i^  \  ^  ^  A  A  ""        A  A  A  A  A  A 

1.  Charj^e  pour  les  efTorts  tranchants.  2.  Charge  pour  les  moments  de  flexion. 


(^.  TKetesalt  Af  eKutriimtions  and  tests  mnJc  must  bo  reporteil  to  the  R  I.  Inspecting  G9|mrt' 

mtnt  of  Austrinn  Railways;  this  reporl  if  showing  any  diniiiuitiiw  in  Ihe  efficieiwy  of  a  »tru<turc 
is  (o  ba  made  iinmodiatplT;  but  otherwise  not  until  the  end  of  the  year. 


S  It-  - 
Briilj^es  tiiaj  iifit,  without  I'l 
travericj  liy  rolling  stw-k  of  a  kind  wliifli  would  put  any  grcatjjr  strains  on  them  than  the  S 
ralculatL'd  oTi  and  spcriflod  in  S  ■'  atid  §  'i,  nml   whirh  nrc  runti-ar)*  to  the  limits  of  siie  specified 


■  Bcitj-ietioitt  ill  the  ush  nf  rulHu-g  Hock. 

nsent  of  the  R.  I.  Inspei'ting'  Deparlinenl  of  Austrian  Railw 


B,     --    PKOPOSKD    nVER-MUDGES    AMI    BOAD-; 

g  1  !i.  —  Xote  O"  Uu:  tijqilieatiou  of  l/m  fiAUiviiiig  iiilet. 

With  regard  to  oTor-bridgvs  and  road  nppranrh  hridf^  which  the  railway  AdniinislralioB  a 

to  make  at  their  own  cost,  the  Ministry  of  Commerce  will  proeoed  in  P'^rd  to  iuEpection  testing 

anduseofsui'hbriiigesaccordiiigtii  the  fullowiug  rules  :gS  1-1-17}  whicli  arc  also  to  hoM  pood  lor 

all  admin istrativs  arts  of  the  -  Tn-'noral  Inspecting  Depurlmrnt  of  Austrian  Hailways 


g  14. 


lilway  bi'idgns  Ihi.'  ru 
.S   l-l.  —  Loafl. 


ngg  1   and  10  hoM  go-.-d. 


The  I'alf  Illations  of  strenglii  are  lo  lio  nmdi',  apart  from  ilig  permauruit  load,  by  two  altenialA 
methods  in  re«pect  to  the  liveioad,  aa  follows  : 

(a}.  The  greatest  possible  number  of  vdiides  collected oti  thu  roadway  and  at  the  huob  liuii? 
the  greatest  possible  nuinlwr  of  persons  on  thi/  «ido-walks  aad  orJior  spares. 

[b).  Acrowdof  perwinsonbotb  roadway  and  si du walks. 

The  most  disadvantageous  of  those  two  kin<!s  of  loading,  is  the  one  to  bo  taken  into  account. 

With  th<.>  object  of  abtaioing  a  standard  of  the  weight  of  persons  to  include  to  u  square  i 
or  the  number  of  heavy  wagons  to  be  tneludied  in  the  load,  all  striiiil- bridges  a 
throe  vlasse;.  br  whidi,  i.'xeept  in  exceptional  eases,  the  [ollowlng  are  Ibe  spcciAed  loads  :  1 

Class  1. 

1.  A  human  load  of  98  lbs,  per  square  foot  [•160  kilograms  per  square  mctri'). 

2.  A  loiir-whccl  wagon  of  \2-  [9  tous  (IS  tonnes)  total  weight,  25-56  feet  {7-8  a 
length  (without  pulel,  4-68  feet  i2'5  nietreBJ  widD,  14  I  feel  '3-H  metres)  whe<^-biu>e.  5-S 
(I'd  nuitrijs]  gauge,  with  a  teuiu  of  four  horses  of  a  Itiai  weight  of  3'32  totLS  (3  t 
237  teei  (7-2  metres) length. 

Class  2. 

1.  A  human  load  of  86  lbs.  per  square  foot  i'4O0  kilograms  per  square  m''irp.'. 

B.  A  [our-wheeled  wag<m  of  a  total  weight  o[  6-64  tons  [fl  torjnes',  and  17-7  fccl  [5-A  n 
length  (without  polo),  T-92  feet  (2  4  metrcsl  wide,  9-24  feet  {2  8  metres)  wUi^'t-hiiso,  and  9 
[1-5  nietru)  gauge,  with  a  team  of  two  horses  of  a  total  weight  of  l'G6  tons  (I  S  lonna 
U-85  feet  i;3-(!  metres)  length. 
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Class  3. 

1 .  A  human  load  of  73  lbs.  per  square  foot  (340  kilograms  per  square  metre' . 

2.  A  four-wheeled  wagon  of  3*32  tons  (3  tonnes)  total  weight,  and  17*7  feet  (5.4  metres)  length 
(without  pole),  7*56  feet  (2-3  metres)  wide,  and  9  24  feet  (2-8  metres)  wheel  base  and  5  feet 
(1*5  metre)  gauge  with  a  team  of  two  horses  of  a  total  weight  of  1-66  tons  (1-5  tonnes)  and 
11  85  feet  (3-6  metres)  length. 

The  classification  of  proposed  road-bridges  in  the  above  three  classes  is  to  be  fixed  by  a  traff  e- 
commission,  or  other  authoritative  body,  who  are  to  take  into  account  any  exceptional  domandii 
which  may  be  made  on  the  structure. 

(c).  The  wind-pressure  is  to  be  reckoned  for  in  the  manner  specified  in  §  3  {b)  and  the  human 
or  waggon  load  is  to  be  considered  as .  a  moving  continuous  rectangle  6  feet  6  inches 
(2  metres)  high. 

{d).  The  influence  of  temperature-variation  is  also  to  be  taken  into  account,  as  regards  the 
system  of  construction  or  to  be  guarded  against  by  the  procedure  mentioned  in  §  5  {b). 

§  16.  —  Stresses, 

Considering  the  load  and  other  effects  mentioned  in  §  15  [a],  (b)  and  (d)  together  with  that  of 
the  permanent  load,  rho  maximum  calculated  stress  on  the  effective  cross-section  of  any  of  the 
material  (allowing  for  rivet  holes  and  ineffective  portions)  should  not  exceed  the  following; 
limits  : 

(«).  Wrought  Iron  [as  mentioned  in  §  4  (a),  '5)J,  4*76  tons  per  square  inch  (750  kilograms 
per  square  centimetre)  with  an  addition  of  2  kilograms  per  square  centimetre  for  each  additional 
metre  span  up  to  a  maximum  of  5*72  tons  per  square  inch  (900  kilograms  per  square  centimetre  , 
and  cross-girders,  longitudinal  bearers,  and  intermediate  parts  are  to  be  calculated  in  th<' 
same  way  according  to  their  span. 

\b).  For  cast-iron  the  admissible  stress-limits  are  those  specified  in  §  4  id  . 

(c).  The  rules  laid  down  in  §  4  [a]  No5.  3  and  4;  (c),  -d]  and  '/?)  (also  §  6]  (b)  regardin^- 
railway-bridges,  hold  good  also  for  road-bridges. 

§  17.  —  Examutatioii^  testi/u/  and  traffic  ref/uhUion, 

(fl).  Completed  over-bridges  and  road  approach  bridges  are,  before  being  used,  to  be  subject*  d 
^  an  official  examination  in  reference  to  the  then  proper  workmanship  and  agreement  with  th<^ 
^Wrofed  plans. 

^or  this  purpose  a  requisition  with  the  necessary  documents  appended  is  to  be  fowarded  t«> 
*®  general  inspection  department  of  Austria  llailwap,  and  their  authorities  shall  in  ov^tv  cas«' 
^^*e  dueenqoirjaud  decide  as  to  whether,  in  addition  to  the  above  inspection,  a  load-tc^st  should 
^'^d&;  such  decision  in  this  matter  not  to  affect  the  demands  of  any  other  competent  authority 
^^^y*  who  may  insbt  upon  further  legitimate  requirements. 
^^'    Oompleted  bridges  must  also  be  oflfcially  inspected  at  least  every  six  years,  or  if  desirabl*?, 
^v  ^J  the  methods  specified  in  this  order  in  §  1 1  d)  and  c). 
^  '^)'    TTIie  passage  of  vehicles  over  the  bridge,  which  may  put  greater  stresses  upon  the  material 

^  "^»  been  reckoned  on,  by  the  calculations  of  resistance  is  to  be  prohibitiMl. 
jj»      ^    ^^ftjAuithe  public,  in  a  simple  manner,  what  loads  are  admissible,  a  notio.*  to  this  efll.  t 
*■  **o  put  in  a  visible  position  on  every  bridgo. 


s  la. 

(n).   Railv>ay  bridgen. 

'I)  A  labutar  stati.-iiu'iil  coiicomiiip  piisting  bridges  on  Ihe  various  lines  U  to  be  drawn  up 
giving  iiifurmuUon  ou  at  lensl  all  the  following  points  :  Poeitioii,  tlie  year  ol  construction,  tlie 
number  of  tracks,  the  span,  the  angle  of  skew,  ihe  sjstcra  of  construction,  position  of  Irairk 
(above  or  below  the  structure).  Ihc  quality  aud  source  of  the  materials,  the  heaviest  loads  actoally 
borne  at  the  time  of  tlie  report,  and  the  resulting  strtsses  of  ihi*  materials  and  also  as  to  tbe 
conditions  of  approval  of  the  structure. 

This  statejnent  is  lo  be  ilnlivered  by  civry  Railway  Administration  to  Ihc  R  I.  CientTal  Inspec- 
tion Deportment  of  thf  Austrian  Railways,  witiiiu  3  months  of  the  publication  of  this  oiilur. 

This  Department,  after  checkiug  the  ii?port  by  actual  inspcetiou,  and  getting  nliatcver 
additional  information  and  reports  thoy  may  dosiru,  must  take  as  soon  as  possible  the  ni^ccssary 
measures  lo  ensure  the  safety  of  the  traffic,  either  in  their  own  ofSi-ial  capacity,  or  if  necessary. 
by  referring  the  matlvr  to  llie  Ministry  of  Commerce. 

i2).  Apart  from  tlie  report,  aod  specification  above  mentioned,  the  Railway  adininistrations 
must  inspect  and  teat  tlieir  bridges  leicept  (o  Ihe  extent  they  have  already  becu  so  tostcJ)  by 
means  of  it  train,  on  i.<nch  truck,  consisting  of  two  of  tlie  heaviest  locomotives  in  usi;  on  the  line, 
and  of  the  heaviest  wagons,  and  in  other  respects  aeivii'ding  to  the  proceduic  specified  in  section  1 1 
of  this  ordinance,  and  must  keep  a  recoi-d  of  the  results. 

This  procedure  must  he  commenced  inmiedialely  after  the  day  of  publication  of  this  ordinnnee. 

In  the  case  of  unsatisfactory  results  of  the  load-tesis,  or  in  case  the  calculated  stresses  should 
exceed  the  maiimum  permissible  stresaes  per  cm*  of  eflix'tive  croaa-soction,  given  beluw,  tba 
Kailway  administration  must  report  the  same  immediately  to  the  General  Inspection  depnnnient 
of  the  Austrian  Railways  with  appropriate  sii^^'stious. 

These  limits  are  : 

/.  Wrought  Ir>m  (Tension  Compression  and  shearing.  6.04  tuns  per  square  in.-h  ['950  kil»- 
gi«ms). 

2.  Rivets  (shearing)  4.7G  tons  per  square  inch  (750  kilograms). 

3.  Wood  (Tension  and  Compression  in  the  direction  of  the  fibn-s)  51  ions  per  square  inch 
i80  kilograms). 

For  the  maximum  total  stresses,  consisting  of  tlie  wind-eflccts  mentioned  in  §3  \fi,  (ogellMr 
with  the  iniemal  stresses  above  mentioned  the  limits  are  : 

tor  \\] G.65  tons  per  square  inch    [1,050  kilogmms'i. 

—  (2) 5  10  —  —  (800  kUograms). 

—  (3)    ..,,..     .    0.72—  —  (90  kilograms). 

\h).   Oter^rulges  aiul  j'oail-ajgntiach  briilgc*. 

With  regard  to  over-bridges  and  road  approaih  bridges.  §  13.  the  Railway  administraliiia  ani  lo 
make  a  similar  tabular  statement  lo  llial  s|)wi8ed  in  [a\  N"  1  alwve.  and  lo  include  IhcroJn 
particulars  uf  the  arrangement  and  width  of  the  driveways  and  footways. 

In  this  statement  iuforniation  must  be  givni  as  t-)  who  are  the  proper  authorities  for  the  con- 
trol mid  supei-vision  of  the  roads  passing  ovei'  the  fitructuros  under  consideralinu. 
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Independently  of  these  proceedings,  the  railway  Administration  arc  to  assui\3  themselves  in  a 
proper  manner,  of  the  efficiency  of  the  structures  to  carry  the  actual  loads ;  they  must  also  commun- 
icate with  the  authorities  in  control  of  the  streets,  so  that  the  precautionary  measures  specified  in 
§  17  (6)  and  (c)  may  be  applied  equally  in  these  cases. 

(c).  —  Investigation  by  the  I,  R,  General-Inspection  Department, 

The  above  department  has  the  right  of  inspecting  and  testing  according  to  the  above  specifica- 
tions, or  in  any  way  that  they  see  fit,  the  railway  bridges  mentioned  in  (a)  and  also  the  overbridges 
and  road  approach  bridges  mentioned  in  [b)  to  the  extent  that  their  authority  allows  (§  13). 

D.  —  Formalities  regarding  dbuvery  of  particulars  and  official  reports. 

§  19. 

(a).  All  information  delivered  in  accordance  with  §§  1,  and  Hand  also  §§6,  12,  17  (a),  (6),  (c), 
and  §  18  (a)  and  [b]  of  this  ordinance,  as  well  as  the  documents  and  report  drawn  up  according  to 
§§  8  and  10,  must  be  of  uniform  size  of  21  x  34  centimetres. 

(b).  The  accompanying  plans  and  calculations  are  to  be  folded  or  bound  in  the  same  size  and  to 
be  delivered  in  duplicate  and  at  least  the  copies  intended  for  official  use  must  be  on  such  pa(M3r  or 
cloth  and  produced  with  such  ink,  colour  or  printing  materials  as  will  assurc3  their  durability. 

(c).  After  the  approval  of  the  documents  sent  in  according  to  §§  1  and  14  or  §§  6,  12,  17  (a), 
(6),  (c)  and  §  18  [a)  and  {b)  and  the  official  action  detailed  in  §§  8,  9,  10,  17  (a),  and  18  (c),  the 
duplicates  are  to  be  returned  to  the  representative  of  the  Railway  Administration. 

E,  —  Final  rules. 

§20. 

The  rules  of  this  order  shall  be  applicable,  without  exception,  to  the  lines  belonging  to  private 
Companies,  but  as  regards  the  lines  belonging  to  the  State,  they  shall  be  subject  to  the  following 
restrictions. 

(a).  As  far  as  it  is  in  accordance  with  the  statute  on  the  organization  of  State  Railways  in  the 
kingdoms  and  countries  represented  in  the  <«  Reichsrath  ••  published  with  the  ordinance  of  the 
Minister  of  Commerce  dated  23rd  June,  1884  (R.-G.-B.,  103);  or  in  accordance  with  special  powers 
granted  by  the  Minister  of  Commerce,  by  which  the  I.  R.  Department  of  State  Railways  are  to 
undertake  the  approval  of  projects  for  new  constructions,  or  extensions  and  reKJonstructions  on  the 
lines  in  question,  the  above  department  shall  also  undertake  the  approval  of  projects  for  the  con- 
struction and  alteration  of  railway-bridges,  over-bridges  and  road  approach  bridges  and  in  this 
case  the  procedure  mentioned  in  §  1  and  §  14  or  in  §  6  shall  be  omitted. 

(b).  In  such  a  case  (as  a)  the  official  procedure  specified  in  §§  8,  9,  10,  17  {a)  shall  also  be  ordered 
by  the  I.  R.  Department  of  State  Railways.  The  I.  R.  General  Inspection  Department  should  be 
summoned  in  good  time,  a  copy  of  the  statements  and  documents  specified  in  this  ordinance  being 
sent  to  them.  The  representative  of  the  inspecting  authorities  shall  also  interfere  in  this  proce- 
dure in  matters  which,  under  the  present  ordinance,  come  under  their  control. 

(c).  If  the  General  Inspection  Department  of  Austrian  Railways,  after  receiving  statements  and 
particulars  specified  in  §§  11  and  18,  shall  decide,  on  examining  such  documents,  that  measures 
for  the  security  of  traffic  should  be  taken,  they  must  forthwith  bring  the  matter  under  the  notice  of 
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the  1.  R.  Department  of  State  Railways  and  at  the  same  time  report  to  the  Ministry  of  Commerte 
on  their  action. 

§21. 

This  ordinance  goes  in  force  on  the  day  of  publication.  At  the  same  time  the  ordinance  of  the 
Ministry  of  Commerce  of  30th  August,  1870  (R.-G.-B..  114)  also  the  rules  laid  down  in  §  21  3) 
and  (4)  of  the  ordinance  of  25th  January,  1879  (R.-G.-B.,  19)  are  rescinded. 

{SignecTj  Baoqkhm. 


APPENDIX  2. 


Bridge. 


§  1.  -  NATURE  OF  MATERIALS. 

The  materials  to  employ  for  the  iron  superstructures  of  Bridges  are  :  a)  Wrougittiroo: 
(//  basic  Martin  steel  and  for  the  supporting  portions  :  (c)  cast  iron,  [d)  steel,  are  also  used. 

a)  Wrought  irtMi  must  have,  with  a  breaking  strength  of  23  tons  per  square  inch  3.600  kilo 
trnmis  p«?r  squai-e  centimetre  and  over,  an  extension  of  12  p.  c.  lengthwise. 

Willi  a  lower  breaking  strength  theiv  must  hv  a  correspondingly  greater  extension,  wbj.ii 
w::h  ill''  lowtst  admissible  breakintr  stn^ngth  of  21  tons  jxm*  square  inch  3.3l\»  kiK«LTaiii>  p: 
i^:^  j;-.re  reiiiiniotix?  must  be  at  least  2(>  p.  c. 

TL-  iiv.ii  to  U?  used  for  rivets  and  bolts  must  have,  with  a  breaking  strength  of  23toQ>}»'i" 
s/junrv  inch  o.OCK.^  kil«»grams  [>er  square  centimetiv  ,  an  extension  of  at  least  IS  p.  c. 

S  i.  ii  in^ii  as  will,  a»vording  to  construction,  W  subj«vled  to  strains  in  various  diivvtioos  5Ut c 
:u-  w-  l-j.lat<:'S  and  thtir  covers  and  conmvting  plates,  etc  ,  etc.,  must  have  a  bn^akin^  snvni^li. 
r'»^v\i.-'\  «»f  at  Iv-ast  19  tons  i>er  squan^  inch  ;3,(HX)  kilograms  jx^r  square  cecuioetrv  ai^i  i^ 
vi":c:--j«'n  of  at  least  ."3  p.  c. 

^  .  TL'  basic  Man  in  st»^l  employed  in  the  superstructure  must  ha^^  with  a  broakiiij:  sm^ 
I'l.j-L^l^  Ml  from  '2'2  1  4  to  28  1  '2  tons  jxt  square  inch  3,500  kilograms  io4,5iX^kiivnnj<i^'J' 
--. :  :  •  Liiiii'  tiv  an  extension  of  fiY»m  28  p.  c.  for  the  lower  breaking  limit  to  ±?p  c.  foritf 
:--}    T  :.:.-3  i^ii  •  iteLsi  'ii  for  intermediate  stn^ngth  deiUuvd  bv  interpobtioo. 

Y  ^L  :,  iii  •  V.  n-  l.ridiT*',  the  bn\'ikin«r  strength  of  all  pi-tnions  of  the  superstmctan^  d'^  c't 
v.:^   -• :  h  Hiii^-   -f  4  A^)  tons  |k  r  s^juare  inch   100  kilograms  per  square  <vwi»ea^. 

T:.-  Mf^!-:!.  uiA'i  -I'-d  Martinflusseisen  to  be  used  for  riT«s  miisi  liaie  viik  Wi^akia? 
'  '  --^^  -  --  ■-  '22  2.J  :..  2:jA  tons  pr  square-  inch  3,5(X>to  4,000  kikcrams  per  s^»rf  1^2- 
:•'  ':      ^:-    i'-  i-  >!j  '^•f  32  to  2»^  p.  c. 

F  •:  --- '    ■:  ••:.*.:•   ^'v-i^jrii  at  riL'ht  anirb-s  to  tlu-  length,  the  aboiv  i^vrs  a»  fttrirt^T 

li     ','  .L_t  !.^'  -:  jx^tk-.  but  should  be  ivduct:^  by  2  units;  as  ivo-ards  the  ■ereertl^e  «f  ««■»*• 
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The  cast  iron  to  be  used  must  have  a  strength  of  7-5  tons  per  square  inch  (1 ,200  kilograms  per 
square  centimetre)  in  tension,  and  of  32  tons  per  square  inch  (5,000  kilograms  per  square  cen- 
timetre) in  compression. 

The  Martin  ingot  steel  (flussstahl)  to  be  used  in  all  parts  of  bearings,  must  have  a  breaking 
strength  of  at  least  36*2  tons  per  square  inch  (5,700  kilograms  per  square  centimetre)  with  an 
extension  of  at  least  10  p.  c. 

§  2.  —  THE  PRODUCTION  OF  ROLLED  IRON. 

The  various  kinds  of  rolled  iron  are  manufactured  either  from  (a)  wrought  iron  or  (b)  basic 
Martin  steel. 

(a).  For  the  production  of  wrought  iron  for  rolling,  only  the  best  kind  of  pig  iron  should  be 
used.  If  the  intended  use  of  the  rolled  product  entails  strains  in  more  directions  than  in  the 
direction  of  rolling,  then  the  iron  should  be  crosspiled  and  rolled  as  plates  such  pieces  are  the 
web-plates,  their  covers  and  the  connecting  plates. 

(b)  The  rolled  pieces  produced  from  Martin  mild  steel  (flusseissen)  should  be  rolled  out  of 
large  castings;  after  rolling,  a  sudden  or  irregular  cooling  is  to  be  avoided. 

The  commencement  of  the  production  of  the  material  should  be  made  known  in  good  time  to 
the  buyer  in  order  that  he  may  direct  the  carrying  out  of  tests  of  the  materials. 

§  3.  —  GENERAL  PROPERTIES  OF  THE  MATERIALS. 

The  iron  (wrought  iron  or  Martin  steel)  must  have  a  homogeneous  texture;  it  should  not 
become  brittle  either  from  heat  or  cold,  it  should  permit  of  jumping,  and  should  have  an  even 
surface.     Faulty  places  should  not  occur. 

The  cast  iron  portions  should  be  made  from  soft  grey  pig  iron  and  should  be  free  from  flaws. 
The  steel  pieces  should  bo  well  made,  without  faults.     The  lead  to  be  used  should  be  pure  and 
ductile. 

§  4.  —  TESTS  OF  MATERIALS. 

Materials  may  be  accepted,  according  to  the  results  of  the  following  tests.  These  include 
tensile  bending,  breaking  and  other  tests. 

(a).  General  conditions. 

With  a  view  to  the  test  of  the  materials  to  be  delivered,  a  specification  of  these  materials 
should  be  given  to  the  agent  appointed  to  receive  them ;  which  specification  should  contain,  as 
regards  Martin  Steel  portions,  the  numbers  of  the  charge  out  of  which  those  portions  were 
rolled. 

With  this  object  each  piece  of  Martin  steel  should  be  distinctly  marked  inmiediately  after 
rolling  with  the  number  of  the  charge  from  which  it  was  rolled. 

The  receiving  agent  should  have  the  right  at  any  time  to  examine  the  charge-book  of  the 
works.  Usually  the  agent  selects  five  out  of  every  hundred  pieces  for  testing  purposes,  but  he 
should  be  free  to  select  a  geater  number,  if  he  desired.     The  selection  of  pieces  for  testing 
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shoulil  he  alwajs  orrang^J,  so  thai,  ai  least  one  te»t  is  made  on  each  chai^  o(  Marliii  cU»l  mi 
oteach  bloom  otwToupht  iron. 

In  ''Of  nni?  nf  ibr.  srlefTed  pieces  does  iiol  Fulfil  the  re4]uii«il  condili<>tut,  stlpplnwniaiy  vr^ 
are  madi-  and  for  Ulis  obiwt  three  addilional  pietes  are  st-lected  from  the  same  chargi>  or  liinom 
as  the  rnso  niaj  be,  and  tested  in  exactl;  the  same  manner. 

Should  an^  one  of  these  three  lesl  pie(?«s  not  fullil  the  conditions,  then  all  Iho  iiiei'c^  (mm  liir 
I'hiirge  or  bloom  under  consideration  are  to  be  rejected. 

Similarly  if  any  two  of  the  originally  sel«-i<?d  Icst-pieccs  bul  ti>  fulfil  the  cunditions  Ihe  whulf 
product  of  that  charge  or  bloom  is  to  be  rejected. 

The  samples  for  lest  arc  to  be  cut  off  cold,  care  being  taken  that  no  injur;  it  thereby  liooe  to 
the  texture  of  the  material. 

No  further  work  ie  permitted  to  be  done  on  the  test  samples  than  what  is  not«siary  tor  ihcir 
pivparation.  The  straightening  of  Ihe  test  maniples,  when  necessary,  may  only  be  done  by  pm- 
sure  at  normal  temperatures.  Annealing  of  lest-pioces  (o  be  tested  cold,  ia  not  allowed  undrr 
any  rin'ii instances.  Cold  bending  tests  shall  be  undertaken  at  lemperutures  of  from  10°  to  iKI'  C 
above  zero.  The  moteriol  accepted,  according  to  specific«Uon,  is  In  be  marked  as  such  hy  bone 
stamped. 

The  rejected  portions  are  also  to  be  marked  in  such  a  manner  that  Iheir  rejection  is  rendcW 
unmislakablc,  but  without  rendering  them  useless  for  other  purposes. 


(b]  Spbcul  conditions. 
1.   TaU  nf  Teniile  Sirenffth. 

For  the  tests  of  tensile  strength  of  pi ato.  bar,  angle  and  other  nach  forms  of  iron,  the  neo^ 
sary  lest  pieces  ai-c  prepared  by  moans  of  milling,  and  planing  machines,  and  their  broad  sides 
arotobcleft  black. 

The  extension  is  to  be  measured  by  means  of  a  lest  piece  of  '7SS  square  inch  (5  square  ceali- 
metrps)  cross-section  and  79  inches  (20  centimetres)  marked  distance.     If  the  use  of  a  (est  piece, 
of  less  than  the  above  cross  section,  but  not  under  -465  squnrc  inch  [3  square  ceii  timet  res)  is  una-  J 
vmdable,  then  Ihe  marked  distance  sliould  be  equal  to  J^  HO  S  where  S  reprcsfiits  the  cro«»  J 

The  rivet  iron  is  to  be  tesl^^d  blnck  and  without  any  previous  (inTwrnlion.  I 

The  lest  pieces  shall,  on  demand,  be  marked  in  centiinetrcs  along  thi'ir  whole  Irngih.  1 

When  a  lest  piece  gives  an  unsatisfactory  lest  of  tensile  strength  owing  to  visible  detoctiw 
workniiinship  or  to  being  wrongly  treated  in  the  testing  process  or  when  the  breakage  oootin 

outside  ihti  middle  one-lhii'd  of  the  marked  distance,  then  Uic  test  is  not  valid. 


2.  Bending  and  other  Tests. 

The  bending  test  musi  be  carried  out  by  means  of  a  press. 

\- '■^  The  bending  migle  is  the  angle  described  by  the  portion  of  tin-  plm 
^     operated  on  by  Ihe  bending  action. 

For  Ihe  purpose  of  testing  hardened  pieces,  ihe  pieces  ninsi  be  liiirdi.'iir>d  by  piim^jir 
water  not  exceeding  28°  C. 
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The  tests  to  be  carried  out  are  as  follows  : — 

(a)   Wrought  iron. 

(1).  Bars  of  metal,  2  to  3.15  inches  (50  to  80  millimetres)  broad  and  cut  lengthwise  from  the 
plate  bar,  or  angle  iron,  must  be  beiit  round  a  curve,  whose  radius  «»  twice  the  thickness  of  the 
bars,  to  an  angle  of  at  least  150°  without  any  cracks  being  produced  at  the  bend.  In  a  red  hot 
state  the  bars  should  be  bent  to  an  angle  of  180°  one-half  being  completely  doubled  back  on  the 
other  without  cracks  being  produced  at  the  bend. 

Bars  cut  from  a  sheet  in  a  direction  at  right  angles  to  the  length  must  show  the  same  properties 
and  be  bent  through  the  same  angle.  The  curve  round  which  they  are  bent  however,  should 
have  a  radius  of  twelve  times  the  bar  thickness  for  cold  bars  and  eight  times  for  red  hot  bars. 

(2).  Test  bars,  which  have  been  cut  1  to  2  millimetres  deep  across  their  length,  and  bent  to 
leave  the  cut  on  the  outside  must  show  a  sound  structure,  and  should  not  entirely  break  apart 
at  the  bend  on  being  completely  doubled  up. 

(3).  In  a  red-hot  state  a  bar  1.2  to  2.0  inches  wide  (30  to  50  milimetres)  should  be  capable  of 
being  hammered  out  in  a  direction  parallel  to  its  length  to  1.5  of  its  original  width,  without 
showing  any  signs  of  parting. 

(4).  Cold  rivet  iron  when  bent  double  and  hanmiered,  should  form  a  loop  at  the  bend,  whose 
diameter  is  equal  to  half  the  diameter  of  the  iron  itself,  without  showing  any  traces  of  parting  in 
the  bent  portion. 

The  same  iron  bent  over  a  curve  of  radius  equal  to  its  own  to  an  angle  of  45®,  and  then  bent 
completely  back  again,  should  show  no  signs  of  tearing. 

A  piece  of  red-hot  rivet  iron  of  a  length  equal  to  twice  its  diameter,  must  permit  of  being 
jumped  together  to  one  third  of  its  length  without  developing  flaws. 

Rivet  heads  when  red-hot,  must  permit  of  being  hammered  out  flat,  without  showing  any 
tears  or  cracks. 

(P).  Martin  mild  steel  «  Martin  Flusseisen  *>. 

(1).  In  an  intact  condition  a  piece  of  plate,  bar,  or  angle-iron,  of  a  width  of  2  to  3.15  inches 
(from  50  to  80  milimetres)  must  bear  bending  to  an  angle  of  180°  without  tearing. 

This  bending  in  the  case  of  materials  of  28  1/2  tons  per  square  inch  (4,500  kilograms)  breaking 
strength,  is  'to  be  done  round  a  curve  of  diameter  equalito  the  thickness  of  the  piece ;  but  with 
materials  of  22  1/4  tons  per  square  inch  (3,500  kilograms)  breaking  strength,  the  bar  should  be 
bent  completely  back  on  itself, 

(2).  In  a  damaged  condition^  that  is  to  say  after  an  incision  has  been  made  by  means  of  a  sharp 
chisel  across  the  whole  breadth  of  the  piece,  to  one-tenth  of  its  depth,  bars  of  plate  flat  and  angle 
iron  of  a  breadth  of  2  to  3.15  inches  (from  50  to  60  millimetres)  on  being  bent  over  a  curve  whose 
diameter  is  equal  to  5  times  the  thickness  of  the  piece  should  not  show  any  sudden  breakage  until 
it  has  formed  an  angle  of  90°  for  materials  of  28  1/2  tons  per  square  inch  (4,500  kilograms) 
breaking  strength  and  150°  for  materials  of  22  1/4  tons  per  square  inch  (3,500  kilograms) 
breaking  strength. 

(3).  In  a  red-hot  state,  pieces  as  above  should  permit  of  being  sharply  double  and  completely 
beaten  together  without  flaws  being  produced. 

(4).  Rivet  metal  ought  to  allow  of  being  bent  double  and  both  limbs  being  entirely  hammered 
together,  without  showing  any  trace  of  parting  at  the  bending  point. 

4i 
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(5).  After  being  bent  round  a  curve  of  radius  equal  to  the  radius  of  the  piece  to  an  angle  of 
90<*  rivet  metal  should  bear  being  bent  back  straight  without  showing  signs  of  injury. 

(6).  The  rivet  metal  must  allow  of  butting  when  cold  to  the  extent  of  forming  a  flat  head  of 
1 .5  times  the  diameter  of  the  bar,  without  cracks. 

(7).  When  red-hot  a  rivet  head  must  permit  of  being  hammered  out  flat,  without  showing 
cracks,  and  on  cooling  to  a  blue  heat  should  permit  of  further  hammering  without  showing  any 
faulty  places. 

(8).  Hardened  material  f should,  oh  undergoing  bending  tests,  show  no  worse  results  thui  the 
limits  specified  in  section  1  and  2. 

(7)  Cast  Iron. 

If  a  casting  is  struck  directly  on  a  right-angled  comer  with  a  set-hammer,  it  should  be  capable 
of  receiving  an  impression  without  the  edge  breaking  off. 

§  5.  -  RIVETS  AND  BOLTS. 

The  rivets  and  bolts  for  the  suerstructure  are  to  be  of  the  same  material  as  that  to  which  they 
are  applied. 

The  rivets  are  to  be  made  by  machinery,  and  overheating  is  to  be  carefully  avoided. 

For  rivets  of  equal  diameter,  a  variation  of  1/2  millimetre  is  allowable.  The. rivet  heads  must 
be  exactly  concentric  with  the  bodies.  . 

The  screw  bolts  must  have  head  and  bq^y  forged  out  of  one  piece,  and  in  no  case  must  the  head 
be  welded  on.  The  screws  are  to  be  cut  according  to  the  Whitworth  Standard.  The  threads 
must  be  clean  cut  and  sufficiently  long,  and  all  the  bolts  and  screws  must  be  equally  cut  so  that 
the  nuts  and  bolts  are  perfectly  interchangeable.  The  nuts  should  not  turn  either  too  loosely  or  too 
tightly  on  the  threads.  Bolt  heads  and  nuts  must  be  turned  on  the  surfaces  coming  into  contact 
with  the  plates.  When  the  nuts  are  tightened  up  at  least  two  turns  of  the  screw  thread  should 
project;  these  projections  are  to  be  rounded  off  with  a  file. 

The  bolts  employed  for  fastening  portions  of  the  bridge  together,  are  to  be  provided  with  safe- 
guards against  the  slacking  back  of  the  nuts. 

§  6.  —  MANIPULATION  OF  CAST  IRON  AND  STEEL  PIECES. 

Perfect  workmanship  is  required  in  the  production  of  the  cast  iron  and  steel  portions  of  the 
structure.  Particular  care  is  to  be  applied  to  the  preparation  of  the  bearing  .structures.  At  the 
points  of  support  all  contact  surfaces  of  iron  must  be  exactly  planed,  milled  or  turned  and  the 
rockers  or  rollers  are  to  be  of  the  same  height. 

§  7.  —  MANIPULATION  AND  DRESSING  OF  ROLLED  IRON. 

All  kinds  of  rolled  iron  before  being  used,  are  to  be  straightened,  dressed  and  cleaned  from 
scale. 

The  cut  ends  of  rolled  iron  are  to  be  planed,  milled  or  ground  for  2  millimetres,  or  a  hand 
chisel  and  file  mav  be  used. 

The  use  of  the  dressing  chisel  is  prohibited.  The  corners  of  all  rolled  pieces  must  be  straight 
with  clean  edges. 
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All  pieces  must  be  of^the  dimensions  indi<?ated  on  the  plans  and  the  variation  in  thickness  must 
not  be  greater  than  a  3  p.  c.  excess  or  a  2  p.  c.  deficiency  above  or  below  the  specified 
dimensions. 

Portions  of  bridges,  which  arc  shown  on  the  plans  as  consisting  of  one  piece,  may  not  be 
constructed  of  more  than  one  piece  by  means  of  welding  or  riveting. 

Pieces,  which  are,  according  to  Ae  plans,  to  be  bent,  must  be  bent  at  a  red  heat  without  over- 
heating. 

§  8.  —  MAKING  RIVET  HOLES. 

The  following  rules  are  to  be  observed. 

All  rivet  holes  are  to  be  drilled. 

For  the  connection  of  the  members  of  the  bracing  to  the  booms  each  rivet  hole  is  to  be  bored  at 
once  through  all  the  pieces  which  are  to  be  connected  together,  which  renders  it  unnecessary  to 
drill  any  piece  beforehand  for  use  as  a  template. 

The  burrs  due  to  drilling  are  to  be  removed  and  the  lubricant  used  in  drilling  is  to  be  cleaned 
off. 

In  erecting,  the  corresponding  rivet  holes  mu^t  fit  well  together ;  not  varying  from  concentri- 
city more  than  5  p.  c.  of  the  diameter  of  the  hole,  but  in  case  of  a  variation  the  holes  must  be 
made  uniform  by  being  rimered  out.  In  these  holes  which  have  been  enlarged  not  more  than 
5  p.  c.  by  the  use  of  the  rimer,  correspondingly  large  rivets  are  to  be  used.  Under  no  circum- 
stances may  any  holes  be  enlarged  by  drifting  with  steel  service  bolts. 

The  distribution  of  the  rivet  holes  must  in  all  cases  be  in  accordance  with  the  working 
drawings  and  the  distance  of  one  hole  from  another  may  not  vary  more  than  1  millimetre  from 
the  distance  specified  in  the  drawings. 

Holes  for  one  size  of  rivets  must,  of  course,  be  of  equal  diameter,  viz  : —  about  0*5  millimetre 
greater  than  the  diameter  of  the  rivet. 

The  edges  of  holes  on  which  a  rivet  head  will  rest  must  be  coned  out  to  a  depth  of  1  millimetre 
to  avoid  contact  of  sharp  corners. 

According  to  the  order  of  the  R.  I.  Ministry  of  Commerce  dated  Jan  29th  1892  (R.  G.  H.  XI, 
No.  28),  the  punching  of  rolled  iron  is  allowed  up  to  Jan.  1st.  1894,  to  that  date  the  following 
temporary  rules  hold  good  : — 

The  rivet  holes  for  the  connection  of  members  of  the  bracing  to  the  booms,  and  of  sleeper- 
bearers  to  the  cross  girders,  and  of  the  latter  to  the  main  girders,  and  for  all  joint  cover-plates  are 
to  be  drilled,  and  for  the  first-named  pieces  the  holes  are  to  be  drilled  at  one  operation  through 
all  the  pieces  to  be  connected. 

Similarly  the  holes  in  all  rolled  iron  of  15  millimetres  thickness  and  over,  must  be  drilled. 
The  remaining  holes  may  be  punched,  means  being  provided  for  punching  such  holes  without 
injury  to  the  material  and  for  making  them  straight  and  exact.  The  iron  to  be  punched  must 
be  of  a  temperature  of  at  least  +  10*>  C. 

The  burrs  produced  by  punching  must  be  removed  so  that  the  pieces  to  be  riveted  can  lie  flat 
against  each  other. 

All  punched  holes  must  be  made  3  millimeters  smaller  in  diameter  and  afterwards  drilled  or 
bored  out  to  the  exact  diameter.  The  resulting  burrs  must  be  removed  and  to  do  this  the  pieces 
to  be  connected  together  should  be  sqMurated. 
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-  RIVETTKG. 


Ill  the  ooiutructioti  of  parts  of  bridges,  the  rivettiug  is  lo  be  dooe  bj  marhineiy  wbcDeref  pnc- 
ticAble.  It!  the  owe  of  hand  rireHing  bj  ukaus  o(  a  cup-sK,  (he  use  of  a  lever  Ui  hold  the  ritei 
ill  posicinn  is  out  permitted  —  this  obje>:t  shoald  be  preferablr  Utained  bj  the  use  of  a  Onag 
b&ae  screwed  agaiust  the  riret  tup  head  or  b_r  a  heav^  tup-hBtpmer. 

The  baminer  In  form  the  head  should  vejgh  at  least  42  lbs  |2  kilogranis)  and  the  one  » 
complete  ibe  rivet  head  not  less  than  8-H  lbs  (4  kllo^^ms).  The  completed  rivet  heads  should 
have  their  edges  eleaned  of  all  superfluous  nidal  uid  should  be  free  from  cracks,  the;  should  be 
concentric  with  the  bodies  of  the  rivets  aiid  well  formed,  and  for  this  purpose  the  rivet  should  be 
made  fitllj  long  enough. 

Csre  must  be  lakea  to  avoid  itijurj  to  the  ironwork,  either  bv  badlv  directed  blows  with  the 
hammer  or  by  uae  of  a  sharp  edged  set. 

The  rivets  after  being;  -cleared  of  scale,  are  to  be  driven  red'hot  into  the  rivet  holes,  whidi 
latter  are  lo  be  previously  cleaned  out.     Overheating  of  rivelx  is  to  be  carefully  avoided. 

After  rivetting,  a  test  should  be  made  to  find  whether  the  rivets  are  tinn  and  without  play. 
All  rivets  which  are  loose  aud  do  not  fulfil  the  above  conditions,  should  be  removed,  and  replaced 
by  others  fulGUing  the  conditions.  Tightening  up  bj  hammering  ihe  rivets  after  cooling  is 
prohibited. 

TT»e  portable  fires  for  healing  the  rivets  must  be  placed  as  near  as  possible  lo  the  work,  lo 
prevent  cooling  of  the  rivets  in  being  carried  or  thrown  at  any  considersble  dislanoe.  The 
]ueces  to  be  rivettcd  must  be  brought  to  their  right  position  by  means  of  service  bolts  and  be 
temporarily  held  there  and  thefe,  can  be  removed  as  the  rivets  are  put  in.  The  number  o[  bolls 
must  be  equ^  to  at  least  one  quarter  of  the  rivet  boles. 

All  coiilBCt  surfaces  must,  before  rivetliug.  be  cleaned  of  dirt  and  rust  aud  routed  with  ned 
lead. 

§  10.  —  ERECTION  IN  THE  WORKSHOPS. 


orkshup.  and  temporarily  erected, 
only  be  connected  by  service  bolts 
lusl  be  notified  in  good  time  to  (he 


All  portions  ot  bridges  must  be  accurately  fitted  in  the  i 
according  to  the  plaus.  The  separate  pieces  may.  however, 
of  soft  iron.  The  commencemout  of  the  election  ot  bridges 
purchasing  agent. 

Main  Girders  ot 49  fcei(15mecres)span  and  over  are  to  be  erected  vrith  thedcQectionasspeciflfld 
above.  Those  portions  which  can  be  transported  as  a  whole,  can  be  assembled  immediately  in 
a  permanent  manner.     AU  these  operations  must  be  carried  out  on  solid  euppurts. 

Care  must  be  taken  that  the  joints  are  all  perfectly  closed  and  that  there  are  no  receuu 
capable  of  retaining  water.  In  citnstructing  T  girders  without  bead  or  fool  ptale.  the  horiiontal 
limb  of  the  angle  iron  must  not  projcvt  beyond  the  edge  of  the  web-plate,  but  it  is  mthor  to  be 
desired  thnt  Ihe  web  plate  should  project  a  little  above  the  top  surface  of  the  limb  of  the  angle 
irons,  and  the  resulting  rldgo  dressed  off  without  making  use  of  the  di-essing  chisel. 

After  complete  erection  in  the  workshop  the  bridge  or  portions  therefore,  are  to  be  sent  to  tbe 
destination  properly  marked  and  numbered. 

§  11.  —  ERECTION  AND  POSITION. 

In  loading  and  unloading  and  likewise  in  erection  any  injury  or  bending  is 
any  piece  bent  or  injured  may  be  excluded  from  the  oonatruction  on  dem 
representative. 


0  be  avoided,  ui 
id  of  the  bnyer't 
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The  commencement  of  the  erection  of  the  ironwork  «  in  situ  »»  is  to  be  duly  notified  to  the 
purchaser. 

Care  is  to  be  taken  that  the  setting  up  of  the  several  pieces  is  carried  out  with  the  greatest 
accui^acj  and  so  that  false  strains  are  avoided  in  any  portion.  In  this  operation  only  soft  iron 
service-bolts  are  to  be  used. 

The  ri vetting  must  be  made  with  the  same  care  as  in  the  workshop  and  the  finished  bridge 
should  have  no  open  joints,  bends,  or  twists. 

Further,  it  must  be  provided  that  all  portions  shall  be  under  similar  initial  stress,  that  is  to 
say,  that  the  girders  shall  be  erected  on  the  scaffolding  with  their  above  specified  proper  deflection 
as  was  the  case  in  the  workshop,  and  that  the  ties  at  their  intersections  with  the  struts  or  with  one 
another  should  be  finally  connected  only  when  the  main  girders  are  resting  on  their  permanent 
supports  and  not  on  temporary  ones. 

The  holes  for  sleeper  bolts  are  to  be  made,  after  the  superstructure  is  in  position,  either  by 
drilling  or  taking  out  rivets. 

The  Bed  Plates  for  bridges  of  up  to  82  feet  (25  metres)  span,  are  to  be  placed  on  a  thick 
cement  bed ;  but  in  the  case  of  larger  bridges,  and  of  all  which  are  to  be  traversed  by  locomo- 
tives immediately  after  construction,  a  leaden  plate  1  centimetre  thick  should  be  introduced 
between  the  masonry  and  the  bed  plates. 

Particular  care  must  be  taken  in  posing  the  superstructure  on  its  permanent  bearings,  that 
the  supported  part  of  the  structure  rests  evenly  and  with  full  surface  on  its  supports. 

The  rollers  and  rockers  should  always  be  normal  to  the  supporting  surface  and  should  be 
placed  in  a  position  corresponding  to  the  temperature  at  the  time  of  erection. 

§  12.  —  PAINTING. 

Bridges  and  their  railings  with  all  sleeper  and  fastening-bolts  should  he  painted  with  oil 
paint. 

Three  coats  of  paint  must  be  put  on,  no  coat  being  put  on  till  the  former  one  is  quite  dry. 

For  painting  in  the  open  air,  dry  warm  weather  must  be  chosen. 

The  surfaces  to  be  painted  must  first  be  cleaned  with  wire  brushes,  all  rust,  inequality,  rough- 
ness and  dirt  being  removed  and  then  well  dried. 

Those  surfaces  which  cannot  be  reached  after  erection  are  to  receive  before  erection  a  thick 
durable  coat  of  lead  oxide  paint. 

The  first  coat  of  all  visible  surfaces  is  also  to  be  of  lead  oxide  paint. 

The  first  coat  must  be  put  on  with  a  stiff  brush,  so  that  the  paint  enters  all  surface  inequa- 
lities. 

After  erection  the  first  coat  is  to  be  touched  up  before  going  on  with  the  second. 
When  the  first  coat  is  dry,  the  puttying  is  proceeded  with,  a  putty  of  red  lead  and  linne/id 
oil  being  used. 

For  the  second  and  third  coats,  thicker  paints  are  used.  The  third  coat  should  be  prwMjded 
by  a  touching  up  of  the  second.  To  distinguish  the  third  coat  from  the  scxjond,  the  third  tihouhl 
be  of  a  darker  colour.  If  the  three  coats  do  not  completely  c/>ver  the  parts  to  \xi  painted,  the 
contractor  can  be  made  to  put  on  a  fourth  without  compensation. 

Those  portions  of  the  iron  work  on  which  sleepers  lie,  must  have  throe  c/mts  of  paint  l>cfon; 
the  sleepers  are  placed  in  position. 
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§  13.  —  TESTING  BRIDGES. 

Completed  bridges  will  be  tested  according  to  the  rules  in  the  order  of  the  R.  I.  Ministry  of 
Commerce,  of  Sep.  15th  1887. 

The  permanent  deflection  must  not  be  more  than  one-fifth  of  the  elastic  deflection.  Any 
change  of  form  observed  during  the  test  ought  never  to  be  caused  by  faulty  materials  or  work- 
manship. 

§  14.  —  GUARANTEE  OF  MATERIALS  AND  WORKMANSHIP. 

The  contractor  is  to  guarantee  the  bridge  for  one  year. 

The  beginning  of  the  guarantee  is  to  be  specified  in  the  contract. 
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APPENDIX  3. 


Colleetion  of  teehnieal  terms  used  by  Bngineen  for  calcnlof  of  retiftanoe. 


1.  QiierschnitUfl&obe. 

i.  Statisches  Moment. 

3.  SchwerppuDct. 

4.  Tragheitsmoment. 

5.  Trftgheitsellipse. 

6.  Trftgheitsmodul. 

7.  TiiLgheitsradiui. 

8.  Lichtweito. 

9.  SiaUweite. 

10.  EinzeUast. 

1 1 .  Achsdruck. 

12.  Raddruck. 

13.  Aaflagerdruck. 

14.  Oleichf&rmige  Last. 

15.  Knotenlast. 

16.  Bleibende  Last. 

17.  Beweglicbe  Last. 

18.  Menschenlast. 

19.  Wagenlast. 

20.  Biegangsmoment. 
t\.  Scherkraft. 

ti.  Schabkraft. 

23.  Mittlere  Kraft. 

24.  Mittleres  Kr&fte  Intervall. 

25.  Verh&ltnimmaHsig  mittlere  Kraft. 

26.  Verhaltnissm&ssiges  mittleres 

Kr&fte  Intervall. 

27.  Ourtbelastungssug. 

28.  Strebenbelastongssoff. 


Aire  de  la  section. 
Moment  statique. 
Centre  de  gravity. 
Moment  d'inertle. 
Ellipse  d'inertie. 
Module  d'inertie. 
Rayon  de  giration. 
Ouverture  libre. 
Portte  thtorique. 
Charge  isolte. 
Charge  d'essieu. 
Charge  de  rone. 
Charge  sur  appoi. 
Charge  uniforme. 
Charge  sar  nceud. 
Charge  permanente. 
Charge  mobile,  surcharge. 
Charge  de  pistons. 

Charge  de  eharreCtes. 

Moment  de  flexion. 

Effort  tranchant. 

Cisalllement  longitudinal. 

Force  mMiane. 

Interralle  mMian  des  forces. 

Force  mMiane  proportionnelle. 

Intenralle  mMlan  proportionnel  des 
forces. 

Train  fltehissant. 

Train  tranchant. 


Area  of  section. 

Statical  moment. 

Centre  of  gravity. 

Moment  of  inertia. 

Ellipsis  of  inertia. 

Module  of  inertia  (i). 

Radius  of  giration. 

Spam  in  the  clear. 

Span  between  centres  of  bearings. 

Single  force,  single  charge. 

Axle  charge,  axle  load. 

Wheel  charge,  wheel  load. 

Charge  on  centre  of  bearing. 

Equally  distributed  load. 

Charge  on  apex  ot  web  triangle. 

Permanent  load,  dead  load. 

Rolling  load,  live  load,  moving  load. 

Lire   load    men    standig    closely 
packed. 

Live  load  for  carriages  or  wa^on*. 

Bending  strain,  bending  moment. 

Shearing  force. 

Longitudinal  shearing  force. 

Medial  force  (>]. 

Medial  interval  of  the  forces. 

Proportionately  medial  force  (<). 

Proportionately  medial  interval  of 
the  forces  (>). 

Bending  train  (>;. 

Shearing  train  (*). 


(I)  According  to  the  nomenclature  established  for  the  International  Railway  Congress  at  Paris  1860;  the  module  of 
inertia  is  the  quotient  obtained  in  dividing  the  moment  of  inertia  by  the  height  of  the  most  enteoded  compressed  fibre 
above  the  neutral  axis. 

,>j  These  expressions  are  not  made  use  of  by  engineers  ordinarily ;  they  have  been  introdooed  by  the  reporter 
and  explained  in  the  report. 


Collection  of  Mchntcal  t«nti§  used  for  bridge  snperstruDtorea. 


1  llrtcke  mit  obenliegender  Bnhn 

(  PanU  * 

ilirtPkerolivw«nkt«-B«Ln. 

IPoniBi 

,P.n«. 

\  Brfioke  mit  uniPDlirgvndrr  Bahn. 

Ipo.. 

Houplirie^r. 

Mali™ 

«u«rlrH«ar. 

Poulrc 

Loneer. 

Tahlirt 

WiimTenlrebong. 

ConlHT 

l^ln-lo 

Bl«ktrti«w. 

Pom™ 

Fnehwerklrilger. 

PouliK 

1.^3bcllaF■l:htte^k. 

TrLangu 

GdlerwErkwrligw. 

Poulre 

l.J.3  6Kh™Oilt.rw<irk. 

TreiLlis 

Main  girder;  bridge  girder. 

TnmwerH^  girder;  crf>A«  boam 

I^ngltudlniil  nriagtr. 

Sl»|ier  ginler.  tic  girder  bridae  floor. 

WindbniPiiit. 

Triiny»r«  bneipg. 

Trusngirdfr.  Triiu. 

Single,  double,  triple  Tniai  ajs 

Single.double.triplf  lAtUee  8/  (Ud. 


ID.    Doiipflgurl.  Kasteogu 


irl*D(l«>. 
Connecting  plale. 
Web  platr,  vetlicsl  plate. 

Anglr ;  uiglB  iron. 

Rolled  brants 


vitli  inick  on  top  thori  or  on  be 


deted  ■■  tpecisi  fivon 


PLATE  I 


of  onifonnly  diftributed  loads  per  metre  of  track  equivalent 

to  the  typical  trains. 

(Tableau  graphlque  des  surcharges  uniformement  reparties  par  metre  de  voie 

equivalentes  aux  trains-types.) 


REFERENCES  (LF5qENDE  EXPLICATIVE) 


b 
a' 


Extra-heavy  trains 

Heavy  trains  . 
Extra-heavy  trains 

Heavy  trains    . 

Locomotive  Li 
Locomotive  L^ 
Locomotive  L3 
Locomotive  Li 

Locomotive  Li 
Locomotive  L; 
Locomotive  Ls 
Locomotive  Li 


Proposed  scales  of  ioad  for  the  calculation  of 
sliearing  strains  according  to  the  length 
loaded . 

J    Pro|)osed   scales  of   load    for    the    calculation 
>  of  bending  moments  according  to  the  length 

1  of  the  span. 

f    Equivalent  load  per  metre  of  track  for  shearing 
1  strains. 


Equivalent  load  per  metre  of  track  for  bonding 
moments. 


Scale  of  spans  in  metres,  (^chelle  des  portto  en  mMres.) 
Scale  of  weights  in  tons.  (I^chelle  des  poidsen  tonnes.) 


PLATE  II. 


DiagramB  of  the  characteristic  coefficients  of  rapture  and  of  elongration  spedfled  or  allowed 

in  different  countries,  for  different  qualities  of  steel. 

(Tableau  graphique  des  coefficients  de  rupture  et  d*allongement  caracteristiques 
presents  on  admis  dans  divers  pays,  pour  fers  fondus  et  aciers.) 


REFERENCES.  (L^GENDE  EXPLICATIVE.) 

1 .  Austria.     4892.  Plates  and  angles  in  the  direction  of  the  grain. 

2.  —  —  —  across  the  grain. 

3.  —  —  Extra  mild  steel  (for  rivets)  in  the  direction  of  the  grain. 

4.  —  1891 .  Plates  and  angles  according  to  the  Association  of  engineers 

5.  —  1892  Extra  mild  steel  across  the  grain  (rare  tests;. 

6.  England.    1891.  Firth  of  Forth,  steel  in  tension. 

6'.        —  —  —  steel  in  compression. 

6".       —  —  —  mild  steel  for  rivets. 

7.  France.      1891.  Ministerial  circular,  plates  and  angles. 

7*.        —  —  —  extra  mild  steel  (for  rivets). 

8.  Oermany.    1891.  Bromberg  department,  Fordon  bridge,  plates  and  angles. 

8'.        —  —  —  extra  milde  steel  (for  rivets) 

9     Ti'rance.  1890.   Navy,  plates  from  6  to  8  millimetres,  i  .         ,.        ,     ,,          n-     .•        •      .^ 

...                                                   1     r         /.  ^    o  f  According   to   the  publication    in    the 

9  .        —  —         —     angles  from  6  to  8            —  •        .        ,      ,                    i 

^„                                                   I  ^        /.            .,       r.^  i       A nnales  des  posits  et  chaussties . 

9  .       —  —         —     plates  of  more  than  20     —  l 

10.  Germany.    1889.  Association  of  metallurgical  engineers  (Diisseldorf). 

11 .  RouMANiA.  1891 .  Plates  and  angles,  bridge  over  the  Danube,  near  Gernawoda. 
ir.        —            —  Extra  mild  steel  (for  rivets). 

12.  Germany.    1886.  Plates  and  angles,  Magdeburg,  dock  bridge  to  Hamburg. 

13.  France.      1889.  Plates  and  angles,  bridge  over  the  Braye  (Jours-Segr6). 
13'.        —            —  Extra  mild  steel  —  — 

14.  —  1889.   Plates  and  angles,  Lyon  bridge  over  the  Rhone. 

15.  —  18S9.   Plates  and  angles,  specification  of  the  P. -L  -M.  Company. 
15'.        —  —       Extra  mild  steel  (for  rivets). 

N .  Ji.  —  The  liyperbolic  curves  crossing  the  diagram  from  one  side  to  the  other  and  numbered  on 
the  slant  from  7  to  13  indicate  the  position  of  the  points  where  the  product  of  the  coefficient  of  rupture 
and  tnat  of  elongation  remain  constantly  equal  to  7,8...  13;  lljcy  arc  considered  as  isoqualitative 
curves. 
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REFERENCES  FOR  PLATE  III. 
(L^OENDE  EXPLICATIVE  DE  LA  PLANCHE  III.) 


—  Loads  9i  for  bending  moments.  ) 

-,--,.        ,    .  >    Extra-heavy  trains. 

—  Loads  p  for  shearing  strains.  \ 

■«  Loads  a'  for  bending  moments .  | 

^-  Loads  b' for  shearing  strains.  (  ^ 


Fig  1 


— ^-«i«—  Full  lines  with  explanations  :  curves  for  the  weight  of  iron  used  per 

metre  of  track.  .  _.     . 

Hm  '    Mean  dead  load  composed  of  the  mean  weight  of  iron  used  and  400  kilo- 

grammes  for  permanent  way. 

C[m-\~  '     •    Total  loads  obtained  as  the  sum  of  the  mean  dead  load  and  each  of  the 

loads  of  fig.  i .     (These  values  are  not  taken  into  account  for  the  partial  ^  Fig.  3 
loads,  in  accordance  with  the  principle  of  the  lengths  loaded.) 


Scale  of  spans  in  metres  (^chelledes  port^s  en  metres). 
Scale  of  weights  in  tons  (&helle  des  poids  en  tonnes). 


PLATE  III. 


Diag^ranu  of  aoiform  loads  per  metre,  of  track  equivalent  to  the  typical  trains  for  bending 
moments  and  for  shearing  strains,  showing  also  the  limiting  carves  for  the  weight  per 
metre  of  track  of  material  to  be  used  in  iron  bridges  according  to  the  span,  as  well  as 
the  mean  values  of  the  total  load  to  be  taken  into  account  in  the  calculations. 

(Tableau  graphique  des  surcharges  uniformes  par  metre  de  voie  equivalentes  anx  trains- 
types,  quant  aux  moments  de  flexion  et  aux  efforts  tranchants,  indiquant,  en  outre,  les 
contours  limites  du  poids  par  metre  courant  de  voie  du  fer  a  investir  dans  les  pouts 
metalliques  suivant  la  portee  ainsi  que  les  valours  moyennes  de  la  charge  totale  a 
admettre  dans  les  calouls.) 
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TABLEAU    GRAPHIQUE 

Ides  surcharges  uniformes  par  metre 

eqnivalentes     atix     trains-types 
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DU   FER  A    mVESTIR  DANS  LES  FONTS  MfiTALUQUES  SmVABl 

B  lea  valeurs  moyeimea  d©  I 

LA    CHARGE    TOTALE    A    ADMETTBE    DANS    LES    C: 
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L^GENDE      EXPLICATIVE 

— SnrcbargesiDLpoor  momeota  de  flexion.   | 
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—SurcbargesfDLpoQr  moineuts  de  fleiioii.   | 

IW  „   .  ,  Trains  loords. 

—SnrcbargeskU'  poor  efforts  tranchaats.     \ 

_  Lignes  pieines  avec  inscriptions :  coctotirs  du  poids  de  Ibr  tovesti  par  m^tre  da  voia. 

.  Charge  (termaaenle  moyenne  composes  da  poids  moyen  de  fer  invest)  et 
40O  kilogrammes  pour  voie  el  platelage. 

.  Charges  totales  obtenues  comme  somme  de  la  charge  pcrmanente  moyeaco  cl 
chacune  des  surcharges  de  la  fig  1  (Ce?  valeurs  D'ont  pas  d'emploi  potir  les 
t!l1l•^il.^^('l^  n-iT-tmllp'.  rnnfnrmps  aD  priDr^pe  do?  toi"'ii"iir=  ciiT-i^harfPi";  ) 
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EXPLANATIONS  FOR  PLATE  IV. 
(L^ENDB  EXPLICATIVE  DE  LA  PLANCHB  IV.} 

^ Bridges  with  (rack  upon  lop  chqrd   ...       I 

A Bridges  with  track  below  top  chord  ...        f     CoQstructed  for  a  single  line,  I 

Q. Bridge*  with  Inick  between  main  girden  I         mal  gauge,  or  a  little  mora. 

Q.— Bridges  with  track  on  bottom  chord  ...        ) 

^QQQ     Bridges  conilrucled  for  double  line  normal  gauge. 


a  «•- 


9»»a  I 

«eeel 


!  Bridges  constructed  as  above  lo  be  used  either  as  Railway  or  loot  bridges,  the  Une 
and  the  road  being  one  above  the  other. 

S  aboie,  but  constructed  for  an  unusual  gauge  of  about  a  ntetre. 


N.  B.  —  To  enable  a  distinction  to  be  made  betw«en  the  indications  of  figures  1  and  2,  the  former 

ire  indicated  b;  a  smaller  circle.     In  general,  Che  number  of  circles  for  each  bridge  indicates  the  number 
of  lines  thereon. 


PLATE  IV. 


IlluBtrative  table  of  weight  of  iron  used  per  metre  of  line  for  more  than  a^  thousand 

iron  arches 

(Tableau  graphique  des  poids  du  fer  employe  par  metre  courant  de  voie 
pour  plus  d*un  millier  de  travees  metalliques.) 


EXPLANATION  OP  FRENCH  TERMS  USED  ON  THE  PLATE  IV. 

(LISTE  ALPHABliTIQUE  DES  ABR^VIATIONS  DliSIGNANT  LES  ADMINISTRATIONS 

DES  CHEMINS  DE  FER.) 

Alphabetical  Usi  of  abbreviations  used  to  distinguish  different  Rail\v<ay  Administrations.  (Liste  alpha* 
betique  des  abreviations  d^signant  les  Administrations  de  chemins  de  fer.) 
Scale  of  weights  in  tons,  (^chelle  des  poids  en  tonnes.) 
Scale  of  spans  in  metres,  (^chelle  des  pi^rtdes  en  metres.) 
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l^il  Liate  alphab^liquc  des  abr^viations  d^gnant  let)  administrutimi^ 
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I!  -MBLI 

des    poids   du    fer 
pour  plus  d'un 
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Fig  1  of  plate  tv  enlarged. 


lSgende  explicative 


....     I  oonslntitx  pour  i: 
0  tonlreuar»s<»   (  ,    .  .    ' 

.....       J      voie  a  lar|[edrm 


PotlU.'i  V. 

^ Ponu  a  vDie  ed  dessoDs       I 

Q  Q  @®     Ponu  voMslruiui  pour  deui  voles  i  lai^ur  nonualc. 

!  Fonts  commp  ci-itps.«u8  conslruils  pour  ser»ir  simuUDi 
mPiil  it(^  punia  de  cheming  Je  Ter  vl  Je  poiltB.r<yii(< 
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liKTAIL  DE  LA  FIG.  1 


9  d  ®  9      I'nolii  cnnime  o-desiiut,  n 
®  @1  @®  I      ilG  vuie  aaonnale  vnisii 

N.  0.  —  Poor  pcrmeiire  de  dislinguer  les  indl 
»ll«  J..'  U  ftpire  I,  '•»  ,1  d.>n>i<<  d^.ns  uellc   Arvn\ 


consiruiu  pour  unc  lar 
l«  figure 
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DISCUSSION  BY  THE  FIRST  SECTION 


>«;« 


July,  4,  1895  (morning;. 


Mr.  JEITTELES,  President,  in  the  chair 

Mr.  von  Leber,  Reporter.  (In  French.)  —  Gentlemen,  I  must  first  of  all  warn  you 
bat  I  have  no  intention  of  asking  the  Congress  to  settle  any  definite  rules  on  this 
nportant  question.     My  aims  are  far  more  modest. 

I  have  simply  tried  to  state  what  results  have  been  obtained  and  to  group  them 
Dgether  in  such  a  way  as'to  better  appreciate  their  value. 

I  first  investigated  the  standard  engines  and  bridges  in  use  in  different  countries, 
Dd  on  this  point  I  have  conected  plenty  of  information.  The  load  regulations  at 
iresent  in  force  in  some  countries,  taking  as  a  basis  definite  typical  engines,  give 
esults  which  vary  very  much  according  to  the  span  of  the  bridges. 

Plate  I,  following  page  102  (English  edition)  in  my  report,  shows  the  curves  pro- 
hoed  by  the  engines  on  bridges  of  spans  of  from  6  feet  7  inches  to  32  feet  10  inches 
Ito  iO  metres). 

My  intention  in  preparing  these  diagrams  was  to  show  you  that  when  the  method 
)f  using  a  typical  engine  is  adopted,  very  difierent  results  are  arrived  at  according  to 
he  span  of  the  bridges  concerned.  Indeed  if  we  take  short  spans  we  find  that,  for 
i  span  of  about  10  feet  (3  metres),  there  is  a  marked  variation  in  the  case  of  most 
ypical  engines.  This  variation  is  done  away  with  if  the  regulations  are  drawn  up 
or  uniform  loads,  and  all  tliese  difierent  results  can  be  replaced  by  a  series  of 
Iraight  lines. 

Before  going  further  let  me  say  a  few  words  to  explain  this. 

Generally  when  we  speak  of  the  loads  on  bridges  the  maximum  axle  loads  are 
neant,  but  the  importance  of  this  factor  is  quite  exaggerated.  The  axle  loads  only 
iffcct  bridges  of  short  span,  16  feet  (o  metres}  at  most.  Let  us  first  deal  with  these 
ihort  spans  where  the  axle  loads  only  have  to  be  taken  into  consideration.  These 
rary  in  practice  from  12  to  20  tons  and  reach  in  one  case  in  America  as  much  as 
B  tons  according  to  Mr.  Toucey.  I  confess  I  used  to  think  20  ton  loads  as  the 
leafiest  needing  consideration. 

According  to  my  researches,  the  axle  loads  of  an  express  engine  witli  a  capacious 
toiler,  large  cylinders  and  large  wheels,  will  be  not  less  than  G  feet  7  inches 
i  metres)  apart. 
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When  the  loads  are  less,  the  distance  between  the  axles  will  be  oorrespondingiy 
less.  There  is  then  necessarily  a  certain  ratio  between  the  distance  b^ween  the 
axles  and  the  maximum  loads  that  they  can  be  estimated  as  carrying. 

The  following  is  approximately  the  ratio  :— 

Axle  loads 12  t.    13  t.    44 1.    15  t.    16 1.    17 1.    18  t.    19 1.    SO  L 

\      yjn        y^n      ^,^^»      4.5..        4,-p        f^.^f,       5.7..        0,|,.       ^^ 

Minimum  distance     •    •    •  j  ^^n^^  (|m|0^  (|msio)  (1-30)  (l»40)  (1-55)  (i-70)  (1-85)  («0) 

We  can  therefore  see  that  some  engines  with  heavy  axle  loads  but  axles  fiur  apart 
may  produce  a  less  strain  on  one  class  of  structure  than  engines  with  lifter  axle 
loads  but  axles  nearer  together. 

The  result  of  the  scije  which  I  have  established  is  to  considerably  simpliiy  the 
question  of  loads  on  bridges  of  short  span.  In  fact,  suppose  to  a  bridge  of  given 
span  we  applied  one  after  another  all  the  standard  engines  with  axle  loads  varying 
from  12  to  20  tons,  the  distances  between  the  axles  being  proportionate  to  the  axle 
loads,  we  could  not  load  that  bridge  above  what  is  shown  in  the  table  inserted  on 
page  44  of  my  report,  whatever  the  vehicles  in  question  were.  For  each  span  and 
each  maximum  axle  load  I  have  taken  the  highest  result  obtained  in  all  experiments. 
The  figures  given  in  my  table  for  spans  of  from  3  feet  to  16  feet  (1  to  S  metres)  have 
been  taken  as  the  nearest  ton  and  half-ton,  but  they  are  quite  near  enough. 

Let  us  now  consider  longer  span^. 

In  these  we  must  necessarily  investigate  the  results  given  by  express  trains  and 
goods  trains  as  representing  the  two  extremes. 

On  the  continent  in  bridge  calculations  a  4  coupled  engine,  whose  axle  loads  are 
not  very  great,  is  taken;  as  a  rule  the  loads  hardly  exceed  14  tons.  On  the  other 
hand  the  axle  loads  of  express  engines  arc  greater;  in  Germany  and  Austria  they  do 
not  exceed  15  tons,  wliile  in  France  they  are  as  much  as  17  tons,  and  in  England 
they  exceed  18  tons. 

I  have  divided  the  railways  and  the  loads  proscribed  under  two  heads,  one  of 
which  takes  in  praclically  all  Europe  and  the  other  America,  but  I  have  had  to  leave 
as  it  were  a  margin  for  future  developments.  In  both  categories  I  have  taken  into 
consideration  the  two  extremes  of  traffic,  namely,  the  fastest  passenger  train  and  the 
heaviest  goods  train.  The  express  train  has  the  heavier  axle  loads,  engine  and 
lender,  but  the  goods  train  has  the  heavier  vehicles. 

1  have  come  to  the  conclusion  that  these  two  classes  of  loads  which  1  have  just 
indicated  are  such  as  to  ensure  the  perfect  safety  of  bridges,  and  that,  besides,  these 
loads  are  not  excessive,  for  sometimes  they  are  even  greater  than  I  have  considered. 

The  vote  I  am  asking  you  to  pass  is  only  to  affirm  the  statements  I  lay  before  you. 
1  have  just  told  you  these  loads  are  not  excessive  and  that  they  are  not  so  great  as  are 
|>rescribcd  in  some  countries,  especially  America. 

Here  are  the  results  of  specifications  sent  mo  by  the  following  American  engineers: 
Theodore  Cooper,  1800;  (i.  Boustaren,  1800,  and  J.-A.-L.  Waddel,  1893.  As  a  rule, 
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a  distinction  is  made  between  several  (3  to  7)  classes  of  railways  on  which  the  typical 
trains  differ  only  in  their  axle  loads.    For  comparison,  I  give  the  following  : — 

(  16V«ft.  33ft.  49  ft.  65V«ft. 

^^^^ I  (5"'00)  (10™)  (15™)       (20™)* 

EiLtra  heavy  trains  ...  12.5  I.  9.5  t.  8.5  t.      8.0  t.     Proposed  in  my  report. 

American  typical  trains  13.8  t.  11.3 1.  9.9  t.       9.0 1.     Proposed  by  Waddel. 

I  must  say  on  this  point  that  the  typical  engine  taken  in  America  for  calculating 
seems  to  me  difRcult  to  picture,  for  they  take  four  loads  of  20  tons  and  axles  only 
5  feet  (i"50)  apart.  What  we  really  require  to  arrive  at,  gentlemen,  is  a  system  of 
loads  embracing  as  far  as  possible  the  strains  produced  by  trains  which  are  actually 
running  on  all  railways,  and  not  the  strains  produced  by  imaginary  engines  which 
will  perhaps  never  be  built  and  wjiich  each  engineer  may  imagine  as  heavy  as  he 
likes,  according  to  the  excess  of  safety  which  he  intends  to  allow  for. 

Let  me,  gentlemen,  say  a  few  words  about  the  scale  of  loads  I  am  proposing,  based 
on  the  rolling  stock  in  actual  use. 

(The  speaker  here  drew  on  the  blackboard  explanations  of  the  diagrams  contained 
in  his  report.) 

As  I  have  just  shown  you,  two  loads  must  be  taken  into  consideration,  one  to 
calculate  the  bending  moments  and  the  other  to  calculate  the  shearing  strains. 

For  the  benefit  of  those  of  my  audience  who  are  not  conversant  with  this  question 
I  shall  take  the  liberty  of  going  into  a  few  details. 

Ten  years  ago,  the  same  scale  of  loads  was  used  to  calculate  both  the  chords  and  the 
web-bracing  of  bridges.  Then  two  scales  were  used,  one  for  the  maximum  bending 
moment  at  the  middle  of  the  bridge,  the  other  for  the  shearing  strains  near  the 
abutments.  The  results  so  obtained  were  not  very  exact.  In  fact,  if  I  take  an 
equivalent  load  for  the  bending  moment  towards  the  middle  of  the  bridge  there  is 
an  error  for  the  sections  towards  the  ends;  on  the  other  hand,  if  I  take  an  equivalent 
load  for  the  shearing  strains  near  the  supports  of  the  bridge  it  will  not  agree  with 
that  at  the  middle  of  the  bridge  where  the  error  may  be  from  20  to  50  p.  c.  However, 
we  have  succeeded  in  avoiding  this  serious  inconvenience  without  having  to  use 
more  than  two  scales  of  loads,  one  for  the  bending  moments  and  the  other  for  the 
shearing  strains  at  all  points  of  the  bridge.  For  the  bending  moments,  the  error 
only  occurs  for  spans  between  33  feet  and  100  feet  (10  and  30  metres);  for  the 
shearing  strains  there  is  no  error  if  the  new  principle  of  commencing  with  the 
lengths  loaded  is  adopted. 

Suppose  we  want  to  calculate  the  bracings  of  a  bridge  of  132  feel  (40  metres)  span 
near  its  centre;  to  get  the  greatest  shearing  strain  it  will  be  necessary  to  apply  a  load 
on  66  feet  (20  metres),  that  is,  one  half  of  the  bridge.  In  the  case  of  a  bridge  of  G6*»  feet 
span  (20  metres),  the  web-bracing  under  consideration  being  near  the  abutment,  it 
will  still  be  66  feet  (20  metres),  the  entire  span,  that  will  have  to  be  loaded.  Well 
then,  in  the  two  cases  it  is  exactly  the  same  load  per  foot  run  which  takes  the  place  of 
the  train.     In  a  word,  the  load  depends  not  on  the  span,  but  on  the  length  loaded; 
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ISt  is  called  the  priociple  of  lengths  loaded,  and  it  is  mathematically  end. 
ales  which  i  have  established  and  which  are  obtained  by  the  application  of 
ciple  are  applicable  to  all  brid);os,  including  arches  and  continuous  girders. 
I  very  interesting  verifications  founded  on  the  principle  of  lengths  loaded  have 
le  in  Austria  in  the  case  of  an  arch  bridge  of  230  feet  (70  metresl  span.  The 
£  in  position  on  the  bridge,  each  chord  and  each  piece  of  web-bracing  has 
Qgligated  in  its  most  unfavourable  position  with  regard  to  the  train.  In  this  < 
.t  lias  been  possible  to  calculate  exactly  the  sections  and  to  make  the  compari- 1 
m  of  which  I  spe:ik.  i 

■^  II  is  quite  unnocessary  for  me  to  tell  you  that  an  undertaking  of  this  kind  is  very  ' 
complicated.     In  the  first  place  exact  resulls  have  befin  obtained  and  then  a  method 
has  been  devised  of  arriving  at  these  same  results  more  simply. 

I  am  quit«  convinced  that  the  proper  method  is  to  use  the  scales  of  loads  uni- 
formly distributed  over  the  length  of  the  bridge. 

I  have  no  intention,  as  1  said  at  the  outset,  of  asking  you  to  recommend  universallj 
the  adoption  ofthe  rules  which  I  have  mentioned  in  my  report.  I  simply  express  the 
opinion  that  each  country  and  railway  Company  should  make  researches  and  investi- 
gations similar  to  mine  and  that  in  each  Company  the  calculations  made  should  have 
for  their  object  the  obtaining  of  fixed  scales  of  uniformly  distributed  loads  whidi 
would  embrace  all  the  trains  running  on  the  lines  under  consideration.  This  is  a 
work  that  has  only  to  be  done  once.  When  these  scales  of  loads  have  been  established, 
they  can  at  once  be  applied  to  all  spans  or  lengths  loaded  without  involving  fresh  cal- 
culations. (  propose  therefore  on  the  basis  of  all  the  data  actually  collected  for  (he 
Congress  to  submit  for  your  approval  the  two  following  tables  of  loads.  (Applatue.) 


Table  of  loadi  h 


iformly  distributed  per  foot  of  track  equivalent  to  the  loadt 
of  typical  train*. 


"loaTd" 

EXTRA-HBAVY  TRAINS. 

HHAVT  TRAINS.                        | 

a.  B«<Un(_.tr.ln.. 

Load  per  fool 
of  spun. 

b.  Uh1<i|  *tr1». 

Lo.d  pw  foot 

or  length  loaded. 

Lovl  prr  tbot 

or  »p»o. 

b.  M>*.iH  >!»•-. 

Lo«i  per  loot 

of   loiwUi   ludHl. 

3  Vi  reel. 
5       — 

12      tone. 
8  1     - 
6       — 
4-8    — 

12       tons. 
8-4    - 
6-9    — 
5-9    — 

10 '8  tona. 
7-8    — 
54    — 
*-5    — 

10  8  Ions. 
1-8    — 
6-5    — 

5-7    — 

IV'  z 

49        - 

66        — 

3-8    - 
2-9    - 
2-5    — 
2  4    - 

4-5    — 
3-3    — 
29    — 
2-6    - 

3-5    - 
2-5    - 
21     — 
20    — 

4-2    — 
30    — 
2-5    — 
!'3    — 

138        - 

86«         - 
394         — 

Uo       - 

E'O    — 
1-6    — 
1-3    — 
11     - 

2S    - 
1-1    — 
1-4     - 
13    — 

1-7    - 
13    — 
il     — 

1-0    - 

1-9    - 
1-4    — 
12    — 

10    — 

"■  fi-  -  ^^ 

nglh.lowlodpfo«*dby 

r«.lUn«lln.*,polnlion.                                         | 

Table  of  loads  unifiirmlij  distributed  per  fool  of  traek  ei/uivalent  to  the  load» 
of  typical  vebirlet,  uccordinij  to  the  maximum  iixle-load  considered. 
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Mr.  Holiie,  Western  Railway  of  France.  (In  French,!  —  I  have  not  the  least  inten- 
tion ofiTilicising  the  admirable  report  of  Mr.  von  Leber.  I  simply  wish  to  express 
the  ideas  that  have  been  suggested  to  me  by  it. 

In  the  lirst  place  I  must  point  out  a  slight  mistake  which  occurs  at  page  10 
(English  editioni  of  Mr.  von  Leber's  report,  where  he  says  :  "  Uetween  187i 
and  187G,  nearly  all  the  principal  European  Railway  Companies  had  come  to  adopt 
types  of  locomotives  with  coupled  axles  for  express  trains,  and  it  seemed  as  if  this 
innovation  would  result  in  a  proporlionalc  lightening  of  the  load  borne  by  one 
single  axle,  and  also  of  the  strain  brought  lo  bear  on  iron  structures  by  such  nn 
axle.  Subsequent  experience,  however,  proved  the  contrary,  at  least  as  far  as  the 
continent  was  concerned.  " 

In  connection  with  this  subject  1  would  remind  you  that,  as  far  back  as  1836,  the 
Western  llaihvay  of  France  were  using  express  engines  with  two  axles  couplfi<l. 
There  were  twelve  of  these  engines  and  they  gave  good  results. 

1  must  also  take  exception  lothe  lirst  part  of  the  report  which  is  an  answer  to  the 
question  (letter  Ai :  ~  What  are  the  quantities  of  metal  used  and  required  to  be  used 
in  bridges  according  to  the  regulations  in  force?  " 

I  do  not  know  if  tliis  wording  was  such  as  to  require  such  detailed  investigation 
as  to  the  method  of  calculation  of  metallic  structures  and  to  oblige  the  reporter  lo 
esliiblish  scales  for  the  calculation.  I  quite  admit,  however,  that  .Mr.  von  Le)>er  has 
said  that  he  does  not  in  any  way  wish  to  impose  his  scales  of  loads. 

We  all  know  how  laborious  calcidatiuns  with  typical  trains  are  for  iron  bridges 
if  the  weight  on  each  axle  is  taken  into  aca>uiit.  It  is  much  simpler,  instead  of 
using  the  axle  loads  of  the  typical  train,  tu  adopt  a  method  of  uniformly  distributed 
loads.  I  quite  agree  with  Mr.  von  Leber  ns  to  the  advantages  of  this  principle. 
But  there  are  several  methods  of  applying  it  as  regards  bending  moments.    !t  should 
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be  observed  that  the  results  differ  according  to  the  method  adopted  in  substituting: 
the  uniformly  distributed  loads  for  the  concentrated  loads. 

When  the  several  axle  loads  are  considered  a  curve  is  obtained  which  is  more 
elliptical  than  parabolic,  so  that  the  uniformly  distributed  loads  do  not  give  quite 
exactly  the  bending  moments  at  all  points  of  the  girder.  Several  methods  have 
been  devised  to  eliminate  the  error  resulting  from  the  calculation  by  uniformly 
distributed  loads.  A  parabola  can  be  drawn  which  gives  the  greatest  moment 
accurately  at  the  centre,  but  then  the  moments  are  too  low  between  the  centre  and  the 
points  of  support.  A  parabola  can  also  be  drawn  embracing  all  the  moments  pro- 
duced at  the  different  points  of  the  girder  by  the  concentrated  loads.  In  this  case 
llic  greatest  moment  at  the  centre  is  too  high.  It  has  been  proposed  to  adopt  this 
parabola,  but  to  cut  it  with  a  straight  line  so  as  to  reduce  the  greatest  moment  to 
that  given  by  calculation  from  axle  loads. 

Another  method  is  to  employ  two  uniformly  distributed  loads,  one  for  the  length 
covered  by  the  engine,  the  other  for  the  length  covered  by  the  wagons.  By  means 
of  this  last  method  a  scale  of  loads  is  obtained  which  more  nearly  approaches  to  the 
true  scale  than  that  obtained  by  using  one  uniform  load. 

I  do  not  recommend  any  one  of  these  methods.  I  have  merely  mentioned  them 
because  they  have  led  me  to  the  opinion  that  it  would  not  be  right  to  stick  too 
closely  to  the  conclusions  arrived  at  in  the  report,  where  only  one  method  is  men- 
tioned, whereas  there  are  three  used  in  practice  and  many  others  could  be  found. 

The  method  of  calculation  which  Mr.  von  Leber  recommends  should  not  be 
adopted  to  the  exclusion  of  the  others,  and  I  consider  that  the  Congress  will  be 
right  in  confining  itself  to  stating  that  the  method  of  calculation  by  uniformly 
distributed  loads  on  the  whole  or  on  part  of  the  length  of  the  span  is  to  be  recom- 
mended, without,  however,  modifying  the  existing  regulations  based  on  calcula- 
tions with  typical  trains. 

Mr.  von  Leber,  Reporter,  (In  French.,  —  1  do  not  think  it  is  any  use  to  discuss  the 
question  from  an  historical  point  of  view  raised  by  Mr.  Moise  because  it  is  really  ot 
no  great  iniportancxj.  1  will  only'say  that  the  information  which  1  have  given  on 
the  subject  was  taken  from  a  work  by  Mr.  Jac(}min,  whose  authority  cannot  be 
disputed. 

The  question  of  lateral  bending  moments  on  the  other  hand  is  one  of  great  import- 
ance. It  has  been  studied  very  thoroughly  in  Austria  and  was  stated  in  detail  in 
the  Russian  regulations  of  188i.  These  regulations  take  into  consideration  the 
various  methods  alluded  to  bv  Mr.  Moise.  Thev  tix  three  scales  of  loads  :  one  for 
the  bending  moments  at  the  middle  of  the  span,  another  for  the  shearing  strains 
near  the  supports,  and  the  third  embracing  both  the  bending  moments  near  the 
supports  and  the  shearing  strains  at  the  middle  ot  the  span.  For  intermediate 
sections  the  necessary  interpolations  can  be  made. 

We  have  endeavoured  to  simplify  this  system  by  making  a  number  of  calculations 
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with  our  typical  trains  for  a  large  number  of  spans,  and  this  is  the  curious  result 
which  has  been  arrived  at  as  regards  the  bending  moments. 

The  difference  obtained  between  the  maximum  equivalent  load  for  bending 
moments  found  on  the  lateral  sections  and  the  corresponding  equivalent  load 
towards  the  middle  of  the  bridge  is  generally  not  by  any  means  so  great  as  Mr.  Moise 
supposes.  It  is  found  that  there  is  an  appreciable  difference  only  in  the  case  of  a 
limited  number  of  spans,  say  from  33  feet  up  to  100  feet  (10  metres  to  30  metres). 
For  other  spans  the  difference  is  not  worth  taking  into  account  and  in  any  vAxm  never 
exceeds  18  p.  c.  It  is  probable  that,  if  Mr.  Moise's  researches  had  been  spn^ad  <)Vc»t 
a  larger  number  of  spans,  he  would  have  arrived  at  the  same  result. 

We  had  two  alternatives,  either  to  draw  up  several  scales  of  loads  or  to  use  one 
only,  which  latter  method,  however,  involves  some  slight  errors.  We  have 
preferred  to  divide  the  error  and  have  said  : —  Let  the  scale  of  loads  between 
33  feet  and  100  feet  (10  metres  and  30  metres)  span  be  slightly  increased,  and  let  a 
mean  be  taken  between  what  is  found  for  the  central  section  and  the  lateral  sections 
respectively  in  such  a  way  that  the  error  never  exceeds  9  p.  c.  If  this  is  done,  and 
the  calculations  are  made  for  a  bridge  whose  span  is  between  33  feet  and  KK)  fee.t 
(10  metres  and  30  metres)  the  section  at  the  middle  will  be  found  to  Ih*,  a  little  too 
great,  whereas  the  lateral  sections  will  be  a  little  too  small.  But  in  practice  we  hav(5 
found  that  there  is  no  error  when  bridges  of  such  spans  are  (considered. 

It  is  a  fact  that  the  length  of  plate  girders  has  now  reached  a  limit  of /iO  feet 
(lo  metres);  and  further  their  lateral  sections  have  always  got  a  high  resisiana; 
according  to  the  parabolic  law.  For  longer  lattice  girders  the  s(;ctions  of  the  chords 
are  always  made  a  little  larger  than  is  necessarj*  to  facilitate  the  riveting  where  the 
lattice  bars  meet  the  chords.  From  practical  experiena;  we  have  found  that  it 
sufficed  to  slightly  raise  the  line  of  uniformly  distributed  loads  for  spans  betwieen 
33  feet  and  100  feet  (10  metnjs  and  30  metres;  to  give  v<;ry  satisfactory  results. 

in  a  work  which  I  published  in  1888,  I  establishwl  a  comparison  between  the 
results  given  by  the  above  process  and  those  given  by  adopting  the  Uussian  regula- 
tions. The  <liffercnces  are  very  slight  and  for  that  n^ason  I  re^'/>mfnend  the  HysUtiu 
of  mean  loads  or  one  single  scale  for  txmdin^  moments  whi<th  satisfies  all  re^juire>- 
ments  in  practice. 

Mr.  Belelubsky,  Russian  StaUi  Hallways.  In  French, y  —  I  think,  genflenien,  that 
we  ought  to  thank  the  International  Commission  for  inviting  us  to  (VmMHH  in  Kngland 
the  question  which  is  now  r>ceupying  our  aft/!ntion. 

The  TeitorUr,  Jlr.  von  Leber,  has  thus  had  an  opfHirtiinify  of  stating  at  the 
beginning  of  his  paper  that  Knglish  engineers  and  nietiillurgisls  have  always  held 
and  still  hold  thf*  foremr>st  plac^;  arnrmgHt  thos<i  who  are  vjtwvTiuul  with  fhe 
construction  of  metallic  bridges.  Only  those  who  have  had  the  gr^^d  fortune  to 
visit  the  Forth  Bridge  can  apprei:iate  the  iui\Hfriiifnui  of  that  gigantir-  work,  a  (iroper 
idea  of  which  cannot  be  got  from  descriptions  or  phot/>^raphs. 


The  work  of  Mr.  von  Leber  divides  itself  under  four  distinct  heads  which  (feat 
uf :  —  1"  The  historical  aspect  of  the  question  ;  2"^  The  loads  ;  3"'  The  coefficients  of 
safety ;  4'"  The  best  types  of  construction  to  adopt,  based  on  the  results  of  receDl 
esiierience.  I  thinli  that  each  part  should  be  considered  separately,  for  each  one 
contains  not  only  much  information  but  also  the  opinions  formed  by  the  reporter. 

If  you  will  allow  me  I  will  give  some  explanations  as  to  the  Russian  regulations 
of  1831,  between  which  and  the  Austrian  regulations  of  1887  Mr.  von  Leber  has 
drawn  a  parallel. 

As  you  have  seen,  the  reporter  compares  the  two  methods  of  calculation.  I  find 
at  pages  34,  23  and  3(3  (English  edition)  of  his  report  the  following  passages  : — 

Tlie  HuEsiDD  circniar  of  Ihfi  n-^  (17i  of  Jimiiar>  1884.  No.  60,  publisbed  in  llic  Journal 
of  the  Miniilry  for  H'ays  and  Roads  ofltie  10"' of  Kebniarj-  18S4,  aditressed  to  iitspecton, 
directors  nncl  raaoagers  of  niUways  concerning  "  tlie  technical  conditions  to  be  ol>serveii 
in  iron  structures  for  railway  bri(l(;es  ",  contains  tbe  most  complete  ri^utalions  about  live 
loads,  amongst  all  similnr  rules  previously  published.  In  it  are  fticd  tltc  i^liivalcnt 
loads,  for  tbe  bending  and  sbearing  strain.'j,  for  those  parts  of  the  bridge  near  tbe  supports 
and  for  those  near  the  middle  of  the  span,  with  directions  to  proceed  hy  luterpoliilliin  for 
the  intermediHle  pnrts  uf  the  bridge 

The  resulting  complication  of  the  praelical  application  of  these  carefully  studied  r^ula- 
tions  causes  their  scientllic  value  to  be  forgotten,  for  constructors  gt^neraily  prefer  to  make 
their  calculations  directly  hy  nteaos  at  equivalent  train  loads  which  iire  also  iodicHteil  by 
the  Russian  circular,  ratbei'  than  have  recourse  to  all  the  interpolations  that  we  have  just 
mentioned. 

I  would  like,  gentlemen,  to  say  a  few  words  in  explanation  of  the  table  given  in 
the  Russian  circular  of  1S84,  so  as  to  give  you  a  lietter  idea  of  the  simplicity  of  the 
calculations  : — 


^^^r^ 

-f.- 

—j^j 

_J(_J 

^ 

Theoretical  Span  / 


According  to  the  table  al  page  23  of  the  report  lEnglish  edition)  we  have  three 
eijuivalent  live  loads  ;  li.)  K,  for  the  moment  Mj.,  if  a-  =  ^;  i2.)KjfopVj,  if  i  =  s; 
and  ^3.)  K;i  for  Vj,  and  Mj.  quite  close  lo  the  supports.  For  example  let  us  take  a 
span  of  49  feet  (15  metres).     Then, 

Kj  =  1 .80;  Ki  =  2.94;  Kj  =  2.19  tons  per  foot  run. 


IV 

135 

It  is  necessary  to  add  that  K^  or  K3  for  the  moments  M^  covers  the  total  span,  and 
that  Kj  or  K3  for  the  shearing  strains  V^,  embraces  that  part  of  the  span  between  the 
section  taken  for  V^  and  the  support  furthest  distant  (or  vice-versa). 

The  values  of  Ki,  K^  and  K3  being  given  for  a  bridge  of  any  span,  it  is  only  neces- 
sary to  interpolate  for  all  the  abscissae  x  of  the  span  between  K^  and  K3  or  K^  and 
K3  in  order  to  obtain  the  total  or  partial  loads  corresponding  to  the  maximum  Mj. 
or  maximum  V^  in  the  section  of  the  girder  taken.  Russian  engineers  always 
apply  the  circular  of  1884  according  to  this  method. 

This  is  the  table  which  has  been  prepared  from  the  Russian  regulations  and 
which  is  found  at  page  25  of  the  report  (English  edition). 

Comparative  table  of  loads  prescribed  in  Russia  according  to  three  scales. 


SPAN. 

■ 

MOVING    LOAD 

SPAN. 

MOVING    LOAD                       1 

a             b               1 

forM^ 

for  M^ 

and 

V^ifa;<2*" 

for  V^ 

X 

if  ar  =  -I 

for  M^. 
if  a;  =  - 

for  M^ 

and 

V^ifa;<2'" 

X 

3 1/4  feet. 

I6I2   - 
33       - 
49       - 
66       - 

•  Value 
between 

900  tons. 
6-00     - 
4-50     — 
4-17      - 
3fi4      - 

it:    - 

1-80      - 
1  89     - 

*s  added  in  aoc 
[he  axles  of  41, .( 

9  00  tons. 
6-81      - 
600     - 
5-61      - 
4-35     - 
2-56      - 
2- 19      - 
t'Oi      - 

ordance  with  tl 
feet  (1-32)  both  f 

18-00  tons.         98  feet.         1*65  ton.            1*89  ton.            2*19  tons. 

12-00     -         131    -           1  59    -              1  77    -              1-98     - 
9-00      -         164    -           1-56    -              1-68    -              1-89     - 
8-01      -         197    -           1-50    -              1-50    -              1-83     - 
5-58      -         262    -            1-38    —               1  44    —              i-74      - 
3-72      -         328    -           1-29    —              1-35    —              1-68      — 
2-94      -         394    -            1-20    -               126    —               1-68      — 
2-52      -         525    -            Ml    -               114    -               1-47      - 

le  axle  load  of  15  tons  prescribed  by  article  II  and  with  the  digtanca 
or  M^.  at  the  middle  of  tlie  span  and  for  V^  in  the  two  last  columns. 

As  given  for  a  span  of  197  feet  (60  metres),  there  is  no  great  difference  between 
the  moment  near  tlie  middle  and  the  moment  near  the  supports.  So,  in  Russia, 
the  three  scales  of  which  I  have  just  spoken  are  used  for  bridges  of  a  span  from 
33  feel  to  197  feet  ilO  to  60  metres). 

Mr.  von  Leber  at  page  31  'English  edition)  of  his  report  says  : — 

The  (*<iuivaleiit  loads  in  regard  to  tht^  beiuliiig  moments  or  to  the  shearing  strains  have 
really  a  special  vahie  for  <;arli  pari  of  Ihe  rhoni  or  weh-bracing;  it  had  however  previously 
been  the  custom  amongst  enginciTs  to  accept  for  llie  calculation  of  the  entire  chords  the 
cquivalenl  load  for  the  licndin^  strains  at  tlH>  middle  of  the  span,  and,  for  the  calculation 
of  all  Ihe  \veh-l)racing,  the  equivalent  load  for  the  shearing  strain  near  a  support. 

1  must  say  that  in  Hiissia  wo  have  always  admitted  that  the  equivalent  load  for 
Ihe  calculation  of  the  web-bra<'ing  is  greater  at  the  middle  of  the  span;  this  was 
done  each  linn',  when  w(».  made  the  dillenMice  l)etw(»en  the  equivalent  loads  for 
bending  moments  and  shearing  strains. 

1  would  draw  your  allenlii>n,  genth»men,  to  the  fact  that  the  method  of  equivalent 
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uniformly  distributed  loads  for  the  shearing  strains  as  well  as  for  the  bending 
moments  has  been  discussed  by  Professor  Laissle  and  Mr.  Schubler  in  their  work 
on  metallic  bridges  which  appeared  in  186S.  I  have  translated  this  work  into 
Russian;  it  has  also  been  translated  into  French  by  one  of  the  authors.  It  contains 
a  table  (XV)  which  gives  the  regulations  for  the  Wurtemberg  train. 

Mr.  von  Leber's  report  mentions  the  French  circulars  of  1868  and  1870,  and  the 
Austrian  circular  of  1870,  but  no  mention  is  made  of  the  Russian  circular  of  1875. 
Up  to  that  year  no  regulations  had  been  published  in  Russia  for  the  construction  of 
bridges.  Those  given  in  the  above-mentioned  w^ork  of  professor  Laissle  and 
Mr.  Schubler  were  the  only  ones  followed. 

Their  typical  train,  composed  of  three  engines  with  three  axles,  each  of  which 
carried  a  load  of  12  tons,  resembled  very  closely  the  heavy  trains  running  on  our 
system,  and  for  this  reason,  up  to  the  year  1875,  we  used  two  equivalent  loads  in 
making  the  calculations  for  bridges,  one  for  the  shearing  strains  and  the  other  for 
the  bending  moments  as  given  by  Messrs.  Laissle  and  Schubler.  In  1875  the  first 
Russian  circular  was  issued,  and  it  specified  only  one  scale  without  making  any 
distinction  between  the  loads  for  bending  moments  and  those  for  shearing  strains 
(web-bracing).  The  calculations  of  bridges  built  in  accordance  with  the  regulations 
given  in  this  circular  are  not  so  exact  as  those  for  bridges  built  later.  Since  18S0 
several  bridges  have  been  built  on  the  lines  of  the  State  Railway  in  the  construction 
of  which  these  regulations  have  not  been  followed.  On  the  other  hand,  the  method 
of  three  equivalent  loads  was  adopted,  a  method  which  was  published  officially  in 
the  circular  of  1884.  The  reporter,  while  remarking  favourably  on  it,  at  the  same 
time  points  out  the  complication  in  the  calculations  to  which  this  circular  appi^ars 
to  give  rise.  ^ 

From  the  explanations  which  I  have  given,  you  will  see  that  the  regulations  allow 
of  simple  calculations  being  made  which  are  sutiieiently  accurate  for  practical  work. 

I  will  now  say  a  word  about  heavy  loads.  Some  weeks  previous  to  the  opening 
of  the  present  session  of  the  Congress,  the  permanent  commission  on  bridges 
appointed  by  the  Russian  Ministry  of  Ways  and  Communications,  after  comparin^^ 
the  data  derived  from  30  railways,  resolved  to  adopt  as  the  typical  train  two  engines 
with  four  axles,  each  axle  carrying  a  load  of  15  tons.  The  spacing  of  the  axles  of 
the  vehicles  composing  the  typical  train  adopted  by  the  commission  and  the  loads 
carried  by  each  axle  are  given  below  in  figures  a,  b  and  c  : 

i, Ji^'^'  :;  J^^:^'  ;■         ^^-i^" 
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A  typical  train  is  composed  of  two  engines  {a  and  b)  and  wagons  [c]. 
In  all  countries  locomotive  superintendents  aim  at  increasing  the  loads  per  axle, 
and  they  do  not  fail  to  grumble  when  any  one  tries  to  prevent  them.  In  connection 
with  this  I  may  remark  that  the  late  Mr.  Belpaire  said,  at  the  St.  Petersburg  Session 
of  1892,  in  the  discussion  on  my  paper  — Question  V-B : — *"  On  the  relation  between 
bridges  and  rolling  stock  ",  that  it  was  impossible  to  tie  the  hands  of  locomotive 
superintendents.  I  think,  however,  that  a  curb  should  be  put  upon  locomotive 
engineers  in  this  direction  so  that  permanent  way  engineers  should  not  always  be 
<x)mpelled  to  strengthen  existing  bridges.  The  best  solution  of  the  question  of 
how  to  increase  the  tractive  force  —  and  one  which  meets  all  the  requirements  of 
the  case  —  is,  to  my  mind,  not  to  increase  the  load  on  the  axles  but  rather  the 
number  of  axles,  or,  better  still,  to  adopt  electric  traction. 

In  conclusion,  I  wish  to  say  a  word  on  the  subject  of  the  historical  aspect  of  the 
question  as  dealt  with  by  the  reporter,  a  question  which  is  sure  to  occupy  the 
attention  of  the  Congress  at  some  future  time.  At  pages  5  and  6  (English  edition) 
the  following  words  occur  : — 

We  will  merely  draw  attention  to  the  fact  that  in  1845,  wlien  it  was  proposed  seriously 
to  span  long  distances  by  means  of  iron  structures,  plate  girders  for  smaller  spans  were 
already  in  general  use.  Their  dimensions  were  determined  either  by  direct  tests  or  by 
(^nsiderations  of  similitude  connected  with  these  experiments,  when  larger  spans  were 
being  considered.  It  was  by  methods  of  this  kind  that  the  plans  of  the  iirst  large  tubular 
structures  of  tlie  Conway  and  Britannia  Bridges  were  arrived  at;  at  tin's  time  the  calcula- 
4Uons  for  determining  theoretically  what  section  should  be  adopted  for  the  various  parts 
were  unknown.  But  from  1885  new  theories  respecting  the  resistance  of  materials  such 
as  are  now  admitted  commencetl  to  develop  themselves. 

To  the  French  engineers  Navier,  Bresse  and  Clapcyron  must  be  given  the  credit  of  having 
really  established  the  fundamental  bases  of  our  theories  as  to  the  resistance  of  materials, 
in  the  form  that  they  have  since  been  applied  universally.  Important  improvements  have 
been  made  in  them  by  eminent  mathematicians  in  all  parts  of  the  world. 

I  must  state  that,  since  the  year  18rJ2,  the  name  of  (ieneral  Jouransky  has  always 
been  associated  with  these  works.  The  Nicholas  Bailway  was  made  between  the 
years  1R47  and  1854.  It  has  several  large  timber  bridges  built  according  to  the 
plans  of  the  Russian  engin(»ers  who  were  sent  to  America  to  study  the  systems  in  use 
in  that  country.  Of  th(5se  bridges  two  are  conspicuous  as  consisting  of  nine  conti- 
nuous spans  of  21  o  f(M»t  each  {iu'illO  metres).  To  calculate  these  the  method  of  the 
resolution  of  forwis  was  uscmI.  Only  30  years  after  they  were  built  they  were 
replaced  by  iron  bridgi^s.  Tlh'  first  calculations  for  lattice  girders  were  made  by 
(ieneral  Jouransky,  and  it  was  he  who  iirst  adopted  the  system.  His  name,  there- 
fore, should  be  given  in  tin',  list  of  engineers  and  experts  rightly  mentioned  by 
Mr.  von  Leber  as  having  been  mainly  instrumental  in  establishing  the  theories  and 
methods  of  calculation  for  lattice  girders.    The  theoretical  investigations  of  General 
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^mentioned  by  the  French  experts Saiiit-VcnaiilandColignon, and  more 
by  Professor  Lang  (of  Hanover,  formerly  of  Riga)  in  his  work  entitled 
9  der  Spannwerke  ".  iApplause.) 

i,  Postal  and  Hallways  Deparloient,  Switzerland.  (In  French.)  —  I  have 
„,-cal  interest  the  work  of  Mr-  von  Leber,     It  contains  verj'  useful  infor-     1 
..  ».i  the  methods  used  in  bridge  calculations.     In  view  of  the  fact  that  the     | 
TUlations  in  different  countries  have  all  the  same  tendency,  namely,  to  incj-ease     1 
afely.  I  doubt  whether  the  question  of  the  method  of  lalculation  properly  so-     ' 
li  by  concentrated  or  by  uniformly  distributi'd  loads  has  as  much  importance  as     i 
lie  reporter  attaches  to  it.     In  actual  practice,  with  the  methods  at  present  (aught 
in  engineering  schools,  the  engineer  runs  little  risk  of  making  mistakes  in  hiscalco-     i 
laiions  for  iron  bridges,  whether  he  uses  the  method  of  concenlriiled  loads  or  of 
uniformly  distributed  loads.     I  think  iu  common  with  several  other  delegates  who     | 
have  spoken  to  me  on  the  subject  that  the  only  really  Iniportiint  question  is  as  r^ards     j 
existing  bridges. 

We  know  that  (he  regulations  in  force  at  present  stipulate  much  heavier  loads     | 
than  existing  bridges  can  carry,  and  consequently  we  have  to  seiJ  to  what  de^rrec  they 
must  be  strengthened  and  up  to  what  point  the  melal  can  be  strained.    An  eschan^     i 
of  views  on  these  two  points  is  to  my  mind  very  necessary.  | 

According  to  the  Swiss  federal  regulations  the  increase  in  the  strain  allon-ed  for  1 
new  bridges  can  be  in  certain  cases  as  much  as  30  p.  c.  over  that  allowed  for  exist-  j 
ing  bridges.  1 

Side  by  side  nitfa  the  question  or  the  compoutios  or  the  load  on  a  bridge  is  that 
of  the  degree  of  safety  to  be  allowed.  To  what  degree  is  it  necessary  to  strengtim 
an  existing  bridge  to  ensure  that  it  will  be  quite  safe?  These  two  questions  should. 
in  my  opinion,  be  dealt  with  simultaneously. 

Mr.  Ton  Leber.  (In  French.)  —  I  think  Mr.  Schule  wishes  to  know  how  the  regnla- 
tions  for  new  bridges  should  be  applied  to  existing  bridges.  The  difficulty  is  lo 
distinguish  between  the  severity  of  the  regulations  as  applied  to  new  bridges  and  to 
old  bridges.  A  similar  question  was  raised  before  at  the  St.  Petersbui^  Ses»«, 
but  it  was  not  thought  advisable  by  the  Congress  to  go  into  the  matter  at  the  time. 
It  was  proposed  at  the  general  meeting  that  a  margin  of  SO  p.  c.  should  he 
allowed  on  existing  bridges.  But  the  objection  was  raised,  and  with  reason,  Ihtf 
it  could  not  be  slated  with  certainty  that  the  iron  of  old  bridges  was  being  strained 
20  p.  c.  over  that  of  new  bridges.  This  has  been  foiind  not  to  be  the  case  ia 
Switzerland,  and  we  have  found  the  same  in  Austria,  so  the  matter  had  better  he 
passed  over  in  silence.  {Laughter.} 

Mr.  Bddnbsky,  Russian  State  Railways.  (In  French.^  —  It  had  been  dedded  « 
the  St.  Petersbui^  Session  that  the  detailed  list  of  quesliitns  should  be  drawn  ^ 
for  the  London  Session  so  as  to  arrive  at  the  pradtoe  en^lovftd  by  the  vanow 
Railway  Companies  for  strengthening  existing  brtd(!«s  in   order  to  carry  bean 


IV 

139 

loads.  The  International  Commission,  however,  has  not  thought  it  advisable  to 
include  this  in  the  list  of  questions  they  drew  up. 

.  Mr.  Sohole.  (In  French.)  —  I  should  like  to  remark  that  the  increase  of  30  p.  c. 
recommended  by  the  Swiss  federal  regulations  is  only  specified  when  there  is  no 
fault  in  the  construction  and  when  the  iron  is  of  the  highest  quality. 

Since,  according  to  the  reporter,  it  is  not  advisable  to  discuss  the  question  which 
I  have  raised,  I  think  I  might,  without  inconvenience,  make  the  proposal  that 
Railway  Administrations  should  carry  out  experiments  with  a  view  of  extending 
our  present  knowledge  regarding  the  effective  safety  of  bridges. 

The  President.  —  We  may  regard  the  general  discussion  as  finished.  (Agreed.) 
On  Saturday  we  will  proceed  to  discuss  the  resolutions  proposed  by  Mr.  von  Leber. 

The  meeting  adjourned  at  12.1S  p.  m. 


July,  6,  1895,  at  10  a.  m. 


President  ;  Mr.  Richard  JEITTELES 

The  President.  —  At  the  last  meeting  the  general  discussion  was  finished,  and 
we  will  now  proceed  to  the  discussion  of  the  resolutions  proposed  by  Mr.  von  Leber. 

You  would  like,  I  suppose,  to  conclude  the  examination  of  the  question  this 
morning.  If  it  is  found  necessary  to  meet  again  on  Monday,  there  will  be  some 
difticulty  in  preparing  the  report  which  should  be  submitted  to  the  general  meeting 
on  Tuesday.  So  I  take  the  liberty  of  asking  the  speakers  to  be  as  brief  as  possible 
in  their  remarks. 

The  first  proposition  made  by  the  reporter  for  Question  IV  is  as  follows  : — 

'^  I.  The  quantities  of  iron  used  or  to  be  used  for  the  construction  of  iron 
railway  bridges  are  extremely  variable,  even  apart  from  the  conditions  of  span 
and  height  imposed  on  the  engineer  by  local  circumstances.  For  bridges  of  the 
same  span  the  quantity  of  metal  per  foot  of  track  varies  so  much  that  sometimes 
twice  as  much  is  required  in  one  case  as  in  another,  according  to  the  loads  pres- 
cribed, the  limits  of  internal  working-strain  assigned  to  the  various  parts,  the 
system  of  construction  adopted,  and  particularly  to  the  engineer  who  draws  up  the 
plans. 

^  Besides,  the  usual  fornmlae,  which  are  for  the  most  part  arrived  at  on  the  basis 
of  very  logical  considerations  for  the  purpose  of  calculating  beforehand  the  weight 
of  a  bridge,  are  almost  always  defective.  It  is  much  preferable  to  prepare  a 
statement  of  the  weights  of  a  large  number  of  bridges  in  existence  and  to  proceed 
by  way  of  comparison. 
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^  The  tables  drawn  up  by  the  author  might  render  useful  service  for  this  purpose. 
Nevertheless,  the  most  efficacious  comparison  each  engineer  can  make  is  that 
which  is  the  outcome  of  his  own  designs.  " 

Mr.  F.  E.  Eobertfion,  East  Indian  Railway.  —  I  wish  to  offer  some  observations 
regarding  permissible  unit  strains  which  will  of  course  govern  the  weight  of  metal 
in  bridges.  While  doing  full  justice  to  the  very  able  and  comprehensive  report  on 
this  subject,  there  are  certain  statements  referring  to  the  permissible  working 
stresses  on  which  I  wish  to  offer  a  few  remarks,  because  it  appears  to  me  that  some 
of  them  cannot  logically  be  justified,  whatever  opinions  may  be  held  as  to  the  elastic 
behaviour  of  metals.  The  notation  given  in  the  text  for  the  formulae  appears  to 
agree  with  what  I  have  understood  from  them,  and  with  what  is,  i  believe,  generally 
taken;  but  I  do  not  understand  the  remark  on  page  82  of  the  English  and 
pages  73-74  of  the  French  edition.  The  reporter  says  :  "  Taking  for  Smin  :  Smai 
not  the  ratio  as  demanded  by  the  publishers  of  formulae,  but  the  ratio  of  the  dead 
load  to  the  total  load,  so  as  to  agree  with  the  great  majority  of  constructors,  etc.  " 
What  other  ratio  was  intended  by  the  authors  of  the  formulae?  Again,  on  page  78 
of  the  English  and  page  69  of  the  French  edition  it  is  said  :  "  These  formulae  do 
not  take  into  account  the  length  of  span  or,  what  amounts  to  the  same  thing,  the 
ratio  of  the  moving  load  to  the  dead  load.  "  As  I  understand  them  it  is  precisely 
on  these  relations  that  the  formulae  are  based,  and  they  therefore  express  the  effect 
of  length  of  span  on  the  limiting  stresses  in  a  much  more  accurate  and  practical 
way  than  does  the  bare  statement  of  the  length  of  span  under  consideration.  To  take 
an  example,  is  it  reasonable  to  assign  the  same  limiting  stress  to  the  main  girders 
of  two  bridges  of  the  same  span  but  in  which,  from  local  circumstances,  the  ratios  of 
live  to  dead  load  are  very  ditferent?  Or,  to  take  the  common  case  of  a  cantilever 
bridge  of  very  lar^^e  span,  would  it  not  be  reasonable  to  give  the  members  nearer 
the  abutment  a  higher  unit  strain  than  is  allowed  in  those  at  the  nose?  The  differ- 
c^nce  would  be  considerable  in  the  very  large  spans  projected  nowadays.  The  bare 
rule  of  assigning  the  stress  by  the  length  of  span  would  not  provide  for  this  judi- 
cious economy  whicli  the  Launhardt  formula  fully  provides  for.  1  must  venture  to 
differ  from  the  reporter  and  say  tliat  tlie  formulae  in  question,  as  I  understand 
them,  accurately  take  into  consideration  the  span  so  far  as  it  affects  the  permissible 
stresses,  and  lliat  the  allotment  of  these,  by  stating  the  span  only,  does  roughly 
what  the  formula  does  more  accurately.  The  report(?r  further  cites  as  a  defect  in 
the  formula  that  it  assigns  tlie  same  unit  stress  to  a  brace  in  a  large  bridge  as  it 
would  to  the  corresponding  nK^mber  in  a  small  bridge  provided  they  both  undergo 
similar  alterations  in  stress,  and  he  would  apparently  vary  the  stress  in  proportion 
to  the  size  o{  tlie  bridge.  Now,  if  there  is  any  conclusion  to  he  drawn  from  the 
numerous  experiments  of  Wohlcr,  Hauschinger  and  Baker,  it  is  that  the  endurance 
of  a  piece  depends  upon  the  limits  betwwn  which  the  stress  ranges.  It  does  not 
appear  thai  Ihe  actual  size  of  the  piece  has  anything  to  do  with  the  (juestion.     I  do 
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not  therefore  quite  understand  the  objection  raised.  If  the  writer  means  to  say  that 
the  formula  does  not  take  into  account  any  and  every  possible  variation  in  the  limits 
of  stress  between  large  and  small  bridges,  I  can  only  say  that  he  does  not  read  the 
formula  in  the  sense  in  which  I  believe  it  is  generally  used.  If,  on  the  other  hand, 
he  means  that  a  member  in  a  large  bridge  whose  stress  varies  from  say  +  2  tons  to 
—  2  tons  per  square  inch  is  under  any  different  circumstances  to  a  similar  member 
in  a  smaller  bridge  with  the  same  unit  stress,  I  would  point  out  that  this  view 
implies  that  the  admissible  unit  strain  in  a  member  is  a  function  of  its  absolute  size 
and  not  of  its  stress  conditions.  The  reporter  further  criticises  the  formula  as 
unsuitable  to  continuous  girders,  heally  I  cannot  see  that  this  is  anything  against 
the  formula.  All  that  can  be  deduced  from  this  argument  is,  that  if  the  formula  is 
rational,  it  is  so  much  the  worse  for  the  continuous  girders  as  now  built.  It  is  more 
probable  that  ancient  practice  is  wrong,  than  that  the  long  series  of  recent  experi- 
ments is  inconclusive.  I  think  it  is  possible  that  the  author  exaggerates  the  effect 
of  this  formula  as  applied  to  continuous  girders,  for  the  parts  on  which  it  would 
have  most  effect,  as  at  the  points  of  contra-flexure,  are  just  those  where  the  sections 
cannot  for  practical  reasons  be  diminished  to  the  extent  which  the  ordinary  theory 
would  allow.  It  is  not,  however,  worth  while  to  enter  into  a  numerical  examination 
of  this  detail,  for  what  we  are  concerned  with  is  not  whether  the  formulae  would 
make  a  particular  type  of  structure  heavier  than  has  been  the  custom,  but  whether 
they  are  justified  by  facts.  And  it  is  just  on  this  point  that  I  differ  from  what  the 
author  has  said  on  page  79  of  the  English  and  page  70  of  the  French  edition, 
namely,  that  "  this  erroneous  principle  is  in  contradiction  with  practice,  with  the 
laws  of  elasticity,  and  with  the  results  of  Bauschinger*s  experiments  ''.  To  advance 
against  a  theory  that  it  is  contrary  to  past  practice  is  the  last  accusation  a  scientific 
man  should  make,  and  proves  nothing  as  to  which  is  right.  As  to  the  statement 
that  Launhardt's  formula  is  contrary  to  the  laws  of  elasticity  and  Bauschinger's 
experiments,  that  is  pure  assertion,  and  can  only  be  met  by  the  counter-assertion 
that  it  is  precisely  upon  the  alleged  correct  interpretation  of  these  laws  and  experi- 
ments that  the  formula  is  based.  The  author  concludes  this  part  of  his  compre- 
hensive report  by  saying  that  a  girder  subject  to  strains  varying  from  half  a  ton  to 
i  Ve  tons  por  square  inch  will  without  any  doubt  preserve  its  elasticity  better  than 
a  similar  girder  subjected  to  the  greater  load  permanently  applied.  With  all 
deference  to  his  opinion,  this  is  a  statement  which  I  must  oppose,  and  assert  that 
such  a  constant  stress  will  produce  no  more  effect  than  the  smaller  alternating 
stress.  If  the  author*s  assertion  is  true,  the  deduction  is  that  a  constant  load  should 
be  smaller  than  a  live  load,  which  is  opposed  to  his  own  figures.  Has  the  author 
any  experiments  to  prove  tliat  a  spring  will  stand  any  indefinite  number  of  applica- 
tions of  a  load  which  will  destroy  it  by  constant  pressure?  How  does  he  explain  the 
fact  established  by  Wohler  that,  if  a  bar  is  subjected  to  repeated  strain  of  N  tons 
per  square  inch,  it  will  break  with  a  certain  number  of  repetitions,  but,  if  a  perma- 
nent strain  of  M  tons  is  left  on,  instead  of  taking  the  load  off  entirely,  the  number 
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of  iqpolitioas  raqiiii^  to  destroy  tbe  bar  i^^  inilead  of  dhmnisUog. 

To^iole  only  one  instanoe,  a  steel  bar  whidi  broke  with  71,490  rqietitiotts  of  a 
tfiain  of  49-95  tons  per  square  inch  required  legulariy  more  and  more  rqietilions 
to  break  it  cs  the  load  left  on  'increased,  untU,  when  the  poAnaoent  load  had 
leacfaed  tt-83  tons,  leaving  a  variation  of  strain  of  14*M  tons  as  agidnst  41*95  Urns 
with  a  pnmanent  load  of  lero,  the  bar  was  not  brokra  with  33,600,000  repetitions. 
And  as  this  is  not  an  isolated  experiment,  but  typical  of  all,  I  can  searody  see  how 
it  can  be  said  that  the  limits  of  strain  do  not  affect  the  question.  It  is  tme  that 
these  experiments  refer  to  breaking  strains,  bat  it  is  probalde  that  the  same  causes 
would  affact  <»dinary  working  strains  There  are  really  two  issuea  between  tte 
reporter  and  myself :  firstly,  is  the  Launhardt  formula  a  better  way  of  controlling 
the  limiting  strains  in  bridge  members  than  an  arbitrary  scale  based  on  the  length 
of  span,  and,  secondly,  is  the  formula  a  logical  deduction  firom  the  experiments  on 
rqieated  strains  made  by  Wohler,  Baker  and  Bansdiinger,  the  results  of  which 
I  may  note  are  brought  together  into  a  very  convenient  fcNrm  in  Professor  Unwin's' 
*  Testing  of  the  materials  of  construction  **  ?  On  the  first  point  I  will  ask,  upon  what 
are  the  limiting  stresses  for  diflbrent  spans  based  but  upon  the  considerations 
exf^essed  in  the  formula,  namely,  the  proportions  of  live  and  dead  load,  and  is  it 
not  better  to  use  a  rational  formula  itself  rather  than  an  arbitniry  deduction  from  it 
which  cannot  cover  all  cases?  The  second  point  is  one  of  more  interest  and  import- 
ance, and  can  only  be  decided  by  careful  reasoning  from  undoubted  facts.  To  state 
as  briefly  as  possible  the  facts  established  by  the  above-mentioned  experiments, 
they  are  these.  Taking  vnrought  iron  of  say  an  average  breaking  strength  of  S3  tons 
under  a  single  load,  it  is  found  that  some  few  millions  of  repetitions  of  a  load  of 
13  to  15  tons  will  produce  fracture,  but  below  this  figure  the  number  of  repetitions 
to  produce  fracture  is  unknown.  But  the  same  bar  will,  if  the  strain  varies  from 
+  to  —  only  stand  roughly  half  the  load,  or  the  same  total  range.  Further  it  is 
found  that,  if  the  load  be  not  wholly  removed,  the  number  of  repetitions  required 
to  break  the  bar  increases  as  the  range  of  stress  diminishes.  Nothing  is  more 
clearly  pointed  out  than  this.  It  is  not,  I  believe,  known  what  constant  load  a  bar 
can  support  without  deterioration.  It  is  also  w*ell  to  remember  two  important 
points  that  appear  to  be  est<iblished  by  Bauschinger*s  experiments.  One,  that  the 
real,  that  is  to  say,  the  unalterable  elastic  limit  is  much  less  than  the  so-called 
elastic  limit  or  yield  point,  and  cannot  be  put  higher  than  from  7  to  8  tons  for  iron 
and  9  tons  or  a  little  more  for  mild  steel ;  and  the  other,  that  testing  a  bar  affords 
no  indication  whatever  either  in  ultimate  strength  or  extension  of  its  deterioration 
from  fatigue.  From  these  data  the  formulae  are  established  on  the  following 
reasoning,  as  I  understand.  Somewhere  about  7  tons  seems  to  be  universally 
admitted  to  be  a  safe  dead  load  for  wrought  iron,  and  it  may  be  remarked  in  passing 
that  it  practically  agrees  with  Bauschinger*s  elastic  limit.  This  gives  a  factor  of  safety 
of  about  3.  In  dealing  then  with  loads  repeated  or  reversed,  what  we  have  to  con- 
sider is,  not  the  ultimate  strength  of  the  bar  under  a  single  load,  but  that  under  the 
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conditions  specified,  repeated  or  alternate,  and  we  should  allow  the  same  factor  of 
safety,  the  more  so  as  these  variable  loads  are  the  very  ones  regarding  whose  inten- 
sity there  is  the  most  uncertainty.  It  seems  to  me  that  the  Launhardt  formula  is 
based  upon  exact  theory.  We  know  by  that,  that  for  a  perfectly  elastic  material,  if 
a  gradual  load  produces  a  unit  strain  of  s,  half  this  load  applied  suddenly  but 
without  shock  produces  the  same  strain,  while  an  alternating  load  of  one  third  will 
produce  the  same  strain.  In  actual  fact  materials  are  imperfectly  clastic,  and 
experiment  differs  from  pure  theory  from  the  interference  of  plasticity,  but  I  do 
not  think  it  can  be  either  proved  or  disproved  with  our  present  knowledge  just 
what  effect  this  latter  consideration  should  have  on  our  calculations.  In  fact  wc;  do 
not  know  everything  about  the  behaviour  of  the  materials  of  construction,  and  it  is 
therefore  rash  to  dogmatise  without  proof.  There  must  be,  for  some  time  at  least, 
a  certain  difference  of  opinion  as  to  the  best  way  of  expressing  the  limiting  strains, 
and  I  hardly  think  that  the  reporter  is  justified  in  his  condemnation  without  proof 
of  the  Launhardt  formula.  What  we  really  differ  about  is  not  so  much  the  amount 
of  strain  that  can  safely  be  allowed  in  different  cases  as  the  method  by  whicJi  ilwtu^ 
results  should  be  arrived  at,  and  the  subject  is  one  of  so  much  importanc4^  that  a 
free  discussion  of  it  will  always  be  profitable. 

Mr.  von  Leber,  Reporter.  (In  French.)  —  I  had  hoped  to  conciliate  all  the  opinions  of 
those  of  my  colleagues  who  advocate  the  use  of  formulae  by  adopting  formula  No.  Ti.S 
given  on  page  84  of  my  report  (English  edition).  Mr.  Kobfirtson  may  b(i  |)reju- 
diced ;  he  advocates  the  use  of  another  formula  which  does  not  Uike  into  actcount  the 
relation  of  live  load  to  dead  load  or  rather  that  of  live  load  to  total  load.  I  have 
already  said  and  I  still  maintain  that  the  simplest  calculation  is  that  basiul  on  this 
last  relation.     I  do  not  consider  it  necessary  to  f>rove  it  auffw. 

Mr.  Robertson  is  of  opinion  that  the  relation  between  live  load  and  total  load  is 
not  always  constant  for  the  same  span  of  bridge,  lie  is  right  and  I  have  admitted  it 
in  a  general  manner  in  my  conclusions. 

The  weights  of  bridges  would  be  found  to  vary  ainsiderably  if  you  indi(»iti*d 
graphically  by  means  of  a  table  a  thousand  bridge's  belonging  Ut  different  railway 
administrations  and  in  different  c/)untries.  Hut  this  variation  tUnin  not  exist  for  the 
engineer  who  only  considers  the  bridges  of  the  Oimpany  to  wWirh  he  Indongs.  To 
him,  the  ratio  of  dead  load  to  live  load  or  \Uu\  versA  does  not  vary  much  for  the 
same  span. 

Mr.  Robertson  does  not  agree  with  me  when  I  say  that  the  ronditionn  of  a  railway 
bridge  girder  are  more  favourable  than  tlioho  of  a  gird<T  in  a  building.  The  former 
is  only  load«'d  intermittently  during  th<?  pasnagf*  of  a  train;  as  noon  as  the  train  has 
passed,  it  nsuni*'S  its  natural  condition.  'I  Ut*  lalu?r,  on  the  r/mtrary,  is  loaded  tutu- 
tinuously  and  is  always  strain^-d  to  its  niaxiniurfi.  I  ant  therefore  right  in  saying 
that  the  bridj:*!  ;.'irder  is  untittr  mon*  fiivonrabh;  tupwlUhniH  f  han  the  girder  of  a  build- 
ing a>  t  ir  a*  th**  pnv:n;ilion  hi  Hi'*  ela>Jirit\  of  the  niHal  is  eom>;rned.     It  is  like 


Iraiiis  reprpseiuiiig  the  two  extremes  of  the  traffic,  that  is  to  say,  an  express  train 
witti  ttiu  heavie&t  axle  loads,  the  heaviest  engine.  Die  heaviest  tender  and  a  [>^(^po^ 
tionato  Iraiti  of  carriages;  liieo  a  t^oods  train  with  engine  havin);  Iienvily  loaded  and 
numerous  aslos  close  together,  au  ample  tender  and  a  long  train  of  wagons  nflbe 
heaviest  kind.  We  should,  of  course,  adtnil  the  ma\iioun)  etfecis  of  load  rciulting 
from  eithtT  of  these  trains,  if  we  assume  them  to  he  placed  in  the  most  uitfaToui<-  | 
able  positions. 

-  The  latter  system  is  the  one  to  which  engineers  will  most  frequently  have 
recourse  in  order  to  work  out  their  calculations  generally,  even  when  the  live  loads 
have  been  prescribed  under  the  form  of  typical  trains. 

"  Instead  of  recommencing  the  study  of  these  trains  for  each  bridge  plan  or  cveu 
of  introducing  Ihem  efiectively  into  the  caloiiations  of  resistance,  it  is  much  more 
advantageous  to  make  this  cak-ulalion  once  for  all,  and  to  prepare  the  scales  of 
uniform  equivalent  loads  which  may  afterwards  be  at  once  applied  to  all  spans  or 
lengths  loaded  without  having  to  make  a  fresh  calculation. 

"  Important  progress  has  been  elTected  in  this  kind  of  calculation,  eHjiecially  by 
introducing  the  principle  of  lengths  loaded  sening  as  a  basis  for  the  scale  of  loads, 
and  by  extending  the  use  thereof  to  the  calculations  of  transverse  girders  and  longi- 
tudinal stringers.  "  1 

Mr.  de  Kounitaky,  Ministry  of  Ways  of  Communication,  Russia.  (In  French. j  — 
With  reference  to  the  third  resolution,  1  sliuulil  like  to  mention  the  classic  work  of 
Mr.  von  Leber :  *  Das  Eisenbahnwesen  in  Frankreich  ",  which  has  been  of  valuable 
service  to  many  Hussian  engineers,  and  which  was  consulted  in  the  preparation  of 
that  part  of  the  Russian  ministerial  circular  of  1884  which  deals  with  the  loads 
imposed  by  typical  trains  and  their  axle  loads.  The  typical  train  aiiopled  in  that 
drcular  is  similar  to  the  one  given  in  the  above-mentioned  work.  However, 
I  should  slate  that  in  the  present  report  of  Mr.  von  Leber  it  is  proposed  to  compose 
the  typical  train  of  two  locomotives  only  while  in  his  treatise  it  is  composed  of 
three.  It  would  be  verj'  interesting  to  know  the  reason  of  this.  It  would  also  be. 
interesting  to  know  if  one  ought  not  to  take  into  consideration  a  train  composed  of 
more  than  three  locomotives  with  carriages  behind  or  a  train  composed  entirely  ot 
locomotives  and  their  lenders.     In  actual  practice  there  are  trains  similar  to  these. 

This  said,  I  should  like  to  be  allowed  to  make  a  remark  on  the  principal  idea 
ot  tlie  third  conclusion.  It  is  evident  that  there  is  a  lendemy  in  this  conclusion 
to  adopt  uniformly  distributed  loads  in  preference  to  typical  trains.  It  seems  to 
me  that'it  is  not  desirable  to  put  a  resolution  of  this  nature  to  the  International 
fiailway  Congress,  for  the  following  reasons  : — 

1"  The  exact  determination  of  the  uniformly  distributed  loads  for  some  syslenis 
of  bridges,  namely,  continuous,  arch  and  cantilever  bridges,  presents  certain  diffi- 
culties and  should  be  made  for  each  system  of  bridge  separately,  giving,'  f<ir  dtfforenl 
systems  dilferent  values  Cor  the  uniformly  distributed  loads. 
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2"**  It  is  the  usual  praclice  in  (iermany  and  has  been  in  lUissia  for  sorae  years  past 
to  use  the  method  of  graphic  statics  in  the  calculation  of  bridges,  and  particularly  the 
lines  of  influence  which,  with  the  help  of  the  typical  train,  allow  of  a  bridge  design 
being  made  easily  and  quickly. 

If  we  adopt  the  resolution  proposed  we  condemn  the  use  of  the  method  of  graphic 
statics  which  takes  into  consideration  the  actual  concentrated  loads,  and  particularly 
the  method  of  lines  of  influence  of  which  1  have  just  spoken.  This  seems  to  me  an 
undesirable  course  to  take. 

The  typical  trains  with  their  actual  concentrated  loads  could  be  agreed  upon  by 
the  Railway  Administrations  of  the  whole  world;  it  would  therefore  be  preferable 
to  use  the  expression  "  typical  trains  "  and  not  to  speak  of  the  scales  of  uniformly 
distributed  loads. 

Consequently  I  propose  to  omit  altogether  the  second  paragraph  of  the  third  reso- 
lution, and  in  the  third  paragraph  to  omit  the  words  "  in  the  former  system  "  ;  also 
to  omit  altogether  the  fourth  and  flfth  paragraphs,  so  as  to  confine  to  the  third 
conclusion  onlv  the  mention  of  tvi)ical  trains. 

Mr.  Belelubsky,  Russian  State  Railways,  iln  French.)  —  At  the  last  meeting  the 
method  of  making  scales  of  loads  w*as  discussed.  The  resolution  must  therefore 
make  some  mention  Oi  .1. 

The  only  question  at  issue  seems  to  be  whether  two  or  three  scales  shall  be  al- 
lowed, and  in  my  opinion  the  best  way  to  avoid  the  difficulty  is  not  to  specify  the 
number  of  scales  to  be  adopted. 

Mr.  von  Leber.  ;In  French./  —  I  agree  to  that. 

Mr.  itienne,  Paris,  Lyons,  Mediterranean  Railway,  Algerian  lines,  iln  French.)  — 
I  have  a  proposition  to  make  which  is  somewhat  more  radical.  The  first  conclusion 
of  the  reporter  gives  a  satisfactory  answer  to  Question  IV-A. 

I  do  not  think  that  the  (Congress  should  be  called  upon  lo  decide  upon  the  various 
methods  of  calculation.  The  ac<:uracy  of  any  method  of  calculation  is  not  put  to 
the  vote.  The  discussion  to  which  it  would  lead  would  1x5  more  suitable  for  a 
theoretical  treatise  than  for  the  deliberations  of  a  (Congress.  I  propos«»,  therefore, 
to  omit  the  third  conclusion  altogether. 

Mr.  de  Konnitsky.  In  French.  —  I  entirely  agreij  wilh  Mr.  Klienne  and  I  think 
that  it  w(»uld  be  better  to  l(?aver*ngineers  and  Administrations  free  to  choose  their 
own  methorl  of  cHlculation. 

Mr.  von  Leber,  lU'portt'v.  (In  Freneh.)  I  propose  that  the  Section  adopt  Mr.  Relc^ 
lubsky's  allien. Iincnt  whieh  says  -  ...  either  in  the  form  nf  scales  of  loads  unif<»rmly 
distributed  [ht  toot  of  track,  referring  to  the  hendiiig  moments  and  the  shearing 
strains  and  :ip[»licable  ...  ". 

\V«.»  must  respect  \\u^  practices  adopted  in  a  «reat  country  and  at  the  same  time 
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leave  the  engineers  free  to  combine  the  scales  as  they  think  fit.  I  am,  however,  of 
opinion  that  the  Congress  should  decide  between  the  scale  of  uniformly  distributed 
loads  and  the  typical  train  loads  in  favour  of  the  former.  When  regulations  for 
loads  are  drawn  up  for  a  great  country  or  for  a  great  railway  company,  one  of  two 
methods  is  adopted  :  either  the  typical  train  or  the  scales.  It  is  clear  that  the  legis- 
lator or  the  functionary  would  prefer  the  typical  train  system  on  account  of  its 
simplicity.  The  second  system,  namely,  that  of  scales  of  loads,  is  much  more 
complicated.  In  fact,  a  legislator  or  official  has  to  make  a  very  thorough  study 
of  the  matter,  not  only  for  one  train  but  for  all  the  trains  running  in  the  country 
or  on  the  railway  under  consideration.  The  question  is,  shall  the  legislator  study 
the  matter  thoroughly  once  for  all,  or  shall  he  draw  up  his  regulations  on  the  basis 
of  an  investigation  much  less  complete  which  necessitates  the  constructors  and 
engineers  making  all  the  calculations  and  investigations  anew  every  time  a  bridge 
has  to  be  constructed. 

As  I  have  said  in  my  report,  the  typical  train  method  presents  many  disadvantages; 
for  you  cannot  represent  by  one  typical  train  or  even  by  two  all  the  combinations  of 
vehicles  that  run  on  any  one  railway  system.  With  this  method  two  trains  at  least 
have  to  be  selected ;  one  an  express  train  with  the  heaviest  axle  loads,  the  heaviest 
engine,  the  heaviest  tender  and  a  proportionate  train  of  carriages;  the  other  a  goods 
train  with  an  engine  having  a  greater  number  of  axles  closer  together  with  less 
weight  per  axle,  a  lighter  tender,  but  very  heavy  goods  trucks.  That  is  how  the  two 
trains  should  be  composed. 

I  repeat  that,  if  the  method  of  typical  trains  is  adopted,  it  is  necessary  to  consider 
two  trains  in  order  to  arrive  at  a  more  or  less  correct  result.  This  is  the  practice 
both  in  England  and  America. 

I  tliink,  therefore,  that  the  Congress  should  agree  with  what  1  have  said. 

1  liave  spoken  in  my  conclusions  of  the  two  systems  because  both  are  used,  but 
I  am  convinced  that  the  method  of  scales  of  loads  is  the  more  practical  of  the  two. 

Sir  Douglas  Fox,  Manchester,  Shetlleld  and  Lincolnshire  Hailway.  —  In  England 
we  liave  no  actual  law  laid  down  by  the  legislature  as  to  tliis  question  of  rolling 
loads  for  lest  purposes,  but  the  Board  of  Trade,  who  are  the  inspecting  body,  do 
lay  down  certain  rules.  iMr.  von  Leber  mentioned  that  my  friend  Sir  Benjamin 
Baker  had  sent  to  him  certain  wei^^hts  of  trains  used  for  testing,  but  that  might  le^d 
to  a  false  impression. 

The  rule  in  Great  Britain  is  very  distinctly  this  :  we  have  to  provide  in  our  main 
line  structures  for  loading  bridges  with  the  heaviest  locomotives  that  are  running  in 
the  counlrv  at  the  time,  and  for  branch  lines  with  the  heaviest  locomotives  likdvto 
pass  over  them.  Tiie  Board  of  Trade  do  not  toll  us  what  the  load  is ;  they  leave  us  to 
find  that  out,  but  we  are  liable,  as  en^^'ineers,  to  satisfy  them  that  the  bridges,  when 
we  present  them  for  inspection  before  the  opening  of  the  railway,  are  sufficiently 
strong  in  all  tlieir  parts  to  deal  with  these  lieaviest  locomotives,  loading  the  bridge 
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with  locomotives  from  end  to  end.  Therefore  there  is  no  question  with  us  of  a 
different  type  of  train ;  we  are  to  take  the  very  heaviest  that  is  known.  But  there  is 
a  foundation  for  what  Mr.  von  Leber  said,  as  I  have  been  able  to  ascertain  from  our 
friend  General  Hutchinson,  who  has  for  many  years  represented  the  Board  of  Trade, 
that,  in  the  case  of  the  Forth  Bridge  which  was  a  very  exceptional  case,  the  Board  of 
Trade  did  alter  their  regulation  and  allowed  a  typical  train  to  be  accepted.  Of 
course  it  is  evident  that,  with  such  a  very  large  structure  as  the  Forth  Bridge,  to 
load  with  locomotives  from  end  to  end  would  have  led  to  excessive  results,  and 
therefore  the  Board  of  Trade  in  that  case  altered  their  rule.  We  have  found,  at  anv 
rate  in  our  experience  of  heavy  trains  at  high  speeds,  that  much  more  attention 
must  be  paid  than  has  been  the  case  in  former  years,  not  so  much  to  the  strength  of 
the  main  girders  as  to  that  of  the  cross  girders  and  rail  bearers.  The  main  girders 
are  all  right  enough  and  easily  calculated,  and  the  Board  of  Trade  take  good  care 
that  we  allow  a  large  margin  of  safety;  but  the  more  difficult  question  we  have  to 
deal  with  is  that  of  impact  on  the  cross  girders,  and  1  think  engineers  should  turn 
their  careful  attention  to  that  matter.  We  have  had  cases,  I  will  not  say  in  England, 
but  in  my  Indian  practice  I  have  known  cases,  where,  whilst  the  bridges  themselves 
were  of  ample  strength,  we  have  had  considerable  difficulty  with  the  cross  girders 
and  the  rail  bearers  arising  from  the  fact  that,  when  these  brides  were  designed  some 
13  or  20  years  ago,  whilst  these  cross  girders  and  rail  bearers  complied  with  the 
rules  for  the  ordinary  rolling  load,  they  had  not  margin  enough  to  properly  deal 
with  the  effect  of  impact  caused  by  the  rapid  running  of  a  train  on  to  the  platform  of 
the  bridge. 

Ksjor  Oeneral  Hatohinson,  Board  of  Trade,  Great  Britain.  —  I  would  only  remark, 
with  regard  to  what  Sir  Douglas  Fox  has  said,  that  it  is  quite  true  that  the  Board  of 
Trade  require  the  bridges  to  be  constructed  so  as  to  bear  trains  with  the  heaviest 
engines  in  use,  not,  as  Sir  Douglas  Fox  stated,  in  the  country,  but  the  heaviest 
engines  that  are  liable  to  be  used  on  that  line,  because  in  some  cases  we  have  iso- 
lated lines  where  the  heaviest  engines  in  the  country  would  not  be  liable  to  run. 
That  has  been  known  to  be  the  case  in  many  smaller  lines  where  of  course  it  would 
be  an  excessive  requirement  that  the  bridges  of  these  lines  should  be  able  to  carry 
engines  which  would  never  be  likely  to  come  on  them.  I  only  wish  to  mention 
that  point. 

Mr.  de  Konnitsky.  (In  French.)  —  Notwithstanding  what  has  just  been  said,  I  am 
still  in  favour  of  the  typical  train  because  it  represents  the  same  range  of  concen- 
trated loads  whatever  the  length  and  the  system  of  the  bridge  may  be. 

If  we  take  the  same  scale  for  different  systems  of  bridge,  we  have  for  some 
systems  a  fictitious  load  (uniformly  distributed)  producing  a  greater  effect  than  the 
actual  load  (concentrated)  while  for  other  systems  the  contrary  is  the  case.  Many 
engineers  think  that  it  would  be  necessary  to  have  a  special  scale  for  each  system  of 
bridge. 
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Mr.  Bell.  —  1  rise  to  say  IhiU  I  have  lislened  with  very  great  pleasure  and  modi 
benetit  1  hope  to  the  paper  and  the  discussions  which  have  been  carried  on,  but  I 
venture  to  suggest  at  this  point  an  amendment  for  your  consideration.     Il  was  to 
niy  mind  exceedingly  unfortunate  that  so  vast  and  important  a  subject,  treated 
with  so  much  skill  and  research  as  it  as  been  by  our  reporter,  should  unfortunately 
have  come  into  the  hands  of  many  of  those  experts,  who  hold  views  on  the  question, 
too  late  to  enable  them  to  exactly  formulate  such  improvements  as  they  mi^ht 
think  desirable.     I  myself  can  scarcely  say  that  I  have  yet  got  the  first  3pcr^:u,  so  to 
speak,  ofthe  whole  drift  of  the  paper.    There  arc  many  points  in  it  that  seem  to.mo 
to  be  exceedingly  dark.     I  imagine  from  the  comparison,  for  instance,  ofthe  effect 
of  a  weight  upon  its  spring  that  Mr.  von  Leber  contends  that  the  Forth  Bridge, 
which  has  an  immense  dead  weight  on  il,  should  have  a  stricter  unit  stress  on 
account  of  its  dead  weight  than  a  bridge  which  has  a  preponderance  of  live  weight,     j 
There  are  many  oilier  points  I  need  scarcely  go  into.     We  are  now  discussing  the     1 
preference  that  some  feel  for  the  typical  train  and  others  for  the  distributed  load.      !< 
I  do  not  think  that,  in  the  resolutions  which  the  reporter  has  proposed  to  us,  there     \ 
is  any  single  proposition  thai  will  meet  with  such  an  exact  accord  as  it  would  suit     t 
this  Section  to  deliver,  and  1  venture  to  suggest  for  your  consideration  whether  we      i 
might  not  belter  thank  the  honourable  reporter  for  the  excellent  treatment  that  ho     \ 
has  so  far  given  to  the  subject,  and,  as  be  has  slated  that  further  information  is     I 
still  coming  in  whicli  this  paper  has  not  yet  utilised,  that  he  might  be  asked  to     I 
carry  this  subject  over  to  a  future  Session  of  the  Congress,  and  that  we  should     'j 
for  the  moment  merely  express  our  thanks  to  him  without  formulating  any  dec-i-     ' 
sion  which  might  tie  this  Congress  for  perhaps  another  century.     I  hope  1  have 
made  my  views  plain  to  you  that  I  do  not  wish  to  reject  Mr.  von  Leber's  admi- 
rable ptoposUioim,  hut  I  do  not  think  lite  liiite  U  ripe  for  us  lo  crilicise  Um  titstalls. 
{Applause.) 

The  President.  —  When  did  you  get  the  English  edition  of  the  paper? 

Xr.  Bell.  —  On  Monday  morning  last. 

The  Fieeident.  —  This  being  a  proposition  for  adjournment  there  is  no  discussion 
and  a  vote  can  only  be  taken. 

—  Mr.  Bell's  proposition  for  the  adjournment  of  Question  IV  to  the  qext  Congress 
was  then  put  and  carried. 

The  President.  (In  French.) —  I  invite  all  the  members  interested  in  the  question 
to  send  their  remarks  and  opinions  in  writing.  These  will  be  printed  in  the 
appendix  to  Mr,  von  Leber's  report.  In  this  way  the  ground  will  be  well  prepared 
for  discussion  at  the  next  Session  and  we  may  then  perhaps  be  able  to  come  to  some 
definite  conclusion. 

Messrs,  Peische  and  Bri^re  have  handed  me  a  note  in  which  they  stale  that  they 
agree  with  the  conclusions  of  Mr.  von  Leber's  remarkable  report  and  espedally 


IV 

153 

with  the  resolution   proposed  for  Question  IV-B.      They,  however,  suggest  the 
following  addition  : 

"  Tests  carried  out  with  old  bridges  may  aftbrd  interesting  data  tlius  completing 
the  results  arrived  at  by  calculations,  and  it  would  be  advisable  to  take  this  into 
consideration  before  going  to  the  expense  of  strengthening  or  reconstructing 
existing  bridge  structures.  ^ 

In  view  of  the  vote  just  taken  we  must  confme  ourselves  to  merely  taking  note  of 
this  proposition. 

Mr.  Simon,  Ministry  of  Waterslaat,  Commerce  and  Industry,  Holland.  (In  French.) 
—  I  desire  to  mention  that  I  have  handed  to  Mr.  von  Leber  a  note  of  some  observa- 
tions and  information  regarding  the  new  method  of  the  periodical  tests  of  large 
bridges  carried  out  in  Holland,  and  I  will  ask  the  meeting  to  decide  that  the  note  be 
printed  in  Mr.  von  Leber's  report. 

The  President.  (In  French.)  —  This  shall  be  done. 

Gentlemen,  we  are  now  at  the  end  of  our  sectional  work.  The  hope  1  expressed 
at  the  beginning  of  our  first  meeting  is  as  fully  realised  as  is  possible,  and  I  can  say 
with  confidence  that  our  discussions,  if  not  our  conclusions,  will  greatly  contribute 
to  the  progress  of  construction  of  railway  works.  If  we  have  succeeded  so  well  it 
is  due  to  the  excellent  reports  which  have  been  presented  to  us,  and  I  have  much 
pleasure  in  congratulating  Messrs.  Ast,  Hunt,  Sabouret,  Zanolta  and  von  Leber. 
[A  f flame,) 

I  have  also  to  thank  very  heartily  our  principal  secretary,  Mr.  Debray,  for  his  good 
services  in  devoting  all  iiis  lime  and  his  profound  knowledge  to  our  work.  [Applause.) 
At  the  same  time,  I  can  state  that  the  secretary-reporters  have  performed  in  a  highly 
satisfactorv  manner  the  duties  allotted  to  them;  thev  have  translated  the  communi- 
cations  in  their  respective  departments,  and  1  ask  you  to  thank  them  for  thoir  zeal. 
(Applause,) 

And  now,  gentlemen,  I  must  thank  you  all  for  the  tokens  of  friendship  you  have 
given  me,  and  I  will  not  say  good-bye,  but  express  the  wish  to  see  you  all  at  the  next 
Congress.  (Applause.) 

Mr.  Bell.  —  It  is  an  English  custom  which  it  gives  me  exceedingly  gn?at  pleasure 
to  take  upon  myself  on  this  occasion,  to  ask  you  before  parting  —  as  the  hour  is  late 
I  will  not  elaborate  the  subject  —  to  convey  a  hearty  vote  of  thanks  to  the  President 
for  his  uniform  courtesy  and  the  able  way  in  which  he  has  conducted  our  discus- 
sions in  this  room.  1  propose  the  thanks  of  the  whole  Section  to  the  President. 
(Cariied  by  acclamation.) 

The  President.  —  1  again  thank  you  very  much. 

—  Th(i  prorecdings  ct)ncluded  at  l!2  o'clock. 


\ 
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DISCUSSION  AT  THE  GENERAL  MEETING 


July,  8.  1895,  at  2. 


Lord  STALBRIDGE,  President,  in  the  Chair 

The  President.  —  I  will  call  upon  Mr.  Debray,  secretary  of  the  first  Section,  to 
read  the  sectional  report  in  French,  after  which  Mr.  Leslie  Robinson,  secretary- 
reporter  of  the  Section,  will  read  the  English  translation  of  the  sectional  report. 

Mr.  Debray  :  Mr.  L.  Eobinson  : 

Report  of  the  1'^  Section. 


Le  rapporteur  r^ume  son  rapport  et  donne 
lecture  des  projets  dc  resolutions  qui  le  ter- 
minent : 

*'  LiTTERA  A. 

*'  1.  —  Les  quantites  de  fer  employees  ou 
ii  employer  pour  la  construction  des  ponts 
metalliques  de  chemins  de  fer  sont  extreme- 
nient  variables,  abstraction  faite  des  condi- 
tions de  portee  et  de  hauteur  imposees  a  I'in- 
•jeiiieur  paries  circoristances  locales. 

*'  Pour  des  ponts  de  menie  portee,  la  quan- 
tity de  metal  par  metre  de  voie  varie  souvent 
du  simple  au  double,  suivant  les  surcharges 
prcscrites,  suivant  les  limites  de  ti'avail  inte- 
rieur  assignees  aux  di verses  pieces,  suivant  le 
systeme  de  construction  adopte  et  surtout 
suivant  Tingenieur  qui  drcsso  les  projets. 


"  Aussi  les  formules  generales  souvent  pro- 
posees  sur  la  base  de  considerations  tres 
logiqncs,  p<^ur  estimer  d'avance  le  poidsd'un 


The  reporter  summarized  his  report  and 
read  the  conclusions  which  occur  at  the  end 
of  his  report. 

**  LiTTERA  A. 

**  1.  —  The  quantities  of  iron  used,  or  to 
be  used,  for  the  construction  of  iron  bridges 
are  extremely  variable,  even  apart  from  the 
conditions  of  span  and  height  imposed  on  the 
engineer  by  local  circumstances. 

**  For  bridges  of  the  same  span  the  quan- 
tity of  metal  per  foot  of  track  varies  so  nmch 
that  sometimes  twice  as  much  is  required  in 
the  one  case  as  in  the  other,  according  to  the 
prescribed  loads,  the  limits  of  internal  work- 
ing strain  assigned  to  the  various  pai*ts,  the 
system  of  construction  adopted  and  particu- 
larly according  to  the  engineer  who  draws  up 
the  designs. 

**  Further  the  geheral  formulae  that  are 
frequently  submitted  on  the  basis  of  very 
logical  considerations  foi-  uie  purpose  of  cal- 
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pont,  sont  preeque  toujours  en  d^aut.  n  est 
bicn  pr^f^rable  de  faire  le  relev6  des  poids 
d'un  grand  nombre  de  ponts  construits  et  dc 
proc6der  par  voic  de  comparaison. 

.  **  Les  tableaux  dress^  par  le  rapporteur 
pourront,  acet  effet,  rendre  des  services  utiles. 
Toutefois,  la  comparaison  la  plus  efficacc  pour 
chaquc  ing^nieur  est  cclle  qui  r6sulte  de  ses 
propres  projets; 

**  2.  —  Les  surcharges  prescrites,  quant  au 
materiel  roulant,  ont  une  importance  majeure 
pour  les  ponts  de  faible  port^,  oil  elles 
primcnt  absolument  sur  les  poids  morts  et  les 
effets  du  vent.  C'est  I'inverse  pour  les  ponts 
de  grande  port6e,  et  lorsque  celle-ci  atteint 
100  metres,  sOrement  lorsqu'elle  d^passe 
120  metres,  ce  sont  les  deux  derniers  effets 
qui  jounnt  le  role  le  plus  important  dans  les 
calculs  de  resistance,  lesquels,  pour  des  por- 
t^es  exceptionnelles,  affectent  une  forme  sou- 
vent  inattendue. 

**  Ainsi  pour  les  grandes  arches  du  Frith  of 
Forth,  avec  521  metres  de  portee,  nos  illustres 
collogues  sir  John  Fowler  et  sir  Benjamin 
Baker,  qui  en  ont  dresse  les  projets,  relatent 
que  la  surcharge  fournie  par  deux  trains 
lourds  n'exctido  pas  5  p.  c.  du  poids  mort ; 

**  3. —  On  doit  i"ecommander  de  faire,  sinou 
pour  chaque  pays,  du  moins  pour  chaque  grand 
r6seau  de  chomins  de  fer,  une  etude  serieuse 
des  effets  de  surcharge  provoqu^s  par  le  mate- 
riel roulant  on  circulation,  pour  en  d6duire 
les  prescrii)tioiis  de  surcharges  concernant  les 
ponts  ni«':talliqu«'s  a  construire  ou  deji  con- 
struits. 

**  On  p^Mit  cniottre  ces  prescriptions,  soit 
sous  la  fonn<;  de  ti"ains-typ;s  do  surcharge, 
soit  sons  la  fonne  <]'•  deux  «';rhcll<.»s  de  charges 
uniformernrnt  rejuirties  par  metre  de  voie, 
oon<"<;niaiit,  I'lme,  les  moni«Mits  de  ll'xion, 
rant  10,  l<-s  <'fforts  tranrhants  fX  ronvonant 
ensemble  pour  tons  l«'s  ponts  usurls,  |M)urvu 
<iu«.*  1  on  y  pronne  toujour^  <*oninie  «Mitr«'i«j  la 
Inn^'Ut.ur  de  voi<;  sup-liarg«V'. 


culating  beforehand  the  weight  of  a  bridge 
are  almost  always  defective.  It  is  much  better 
to  prepare  a  statement  of  weights  of  a  large 
number  of  bridges  in  existence  and  to  proceed 
by  way  of  comparison. 

**  The  tables  drawn  up  by  the  author  may 
render  useful  service  for  this  purpose .  Never- 
theless, the  most  useful  cx>mparison  each 
engineer  can  make  is  that  which  is  the  out- 
come of  his  own  designs. 

**  2.  —  The  loads  prescribed,  as  regards 
rolling  stock,  are  of  great  importance  for 
bridges  of  small  span  in  which  such  loads  are 
of  far  greater  importance  that  the  dead  loads 
and  wind  pressure.  On  the  contrary,  in  the 
case  of  bridges  of  large  span  of  about  330  feet 
(100  metres),  and  certainly  when  the  span 
exceeds  390  feet  (120  metres),  the  two  last 
influences  play  the  most  important  part  in 
the  calculation  of  resistances,  and  in  the  case 
of  very  large  spans  they  often  assume  an 
unexpected  proportion. 

•*  Thus,  in  the  great  arches  of  the  Forth 
Bridge  with  1,710  feet  (521  metres)  of 
span,  our  illustrious  colleagues,  Sir  John 
Fowler  and  Sir  Benjamin  Baker,  the  authors 
of  the  design,  state  that  the  load  of  two  heavy 
trains  docs  not  exceed  5  p.  c.  of  th«3  dead 
weight. 

**  3.  —  It  is  very  desirable,  if  not  in  every 
country  at  least  in  every  great  railway  sys- 
tem, that  the  cffe<rts  of  the  load  produced  by 
the  rolling  sto<;k  in  use  should  be  carefully 
studied,  in  order  to  deduce  therefrom  the  rules 
fur  loads  applicable  to  iron  bridges,  either 
already  constru(!ted  or  about  to  be  erected. 

**  These  rules  might  be  issued  either  in  the 
form  of  typical  train  loads  or  in  the  form  of 
two  scal'js  of  loads  uniformly  distributed  (per 
nirtrei  per  foot  of  track,  the  one  referring  to 
the  l>ending  strains  and  the  other  to  the 
sh«*aring  sti^ains,  both  being  applicable  to  all 
ordinaiy  bridgcjs,  provided  that  the  length  of 
track  loaded  is  alwavs  taken  as  a  basis. 


MM*   W   ^M   irf»lU«  ■•«•  * 
rAmfani  A>  I'im  it  t' 
^H^a  ftUi/a  !<««■  In* 

lri|rMlMir«  MiMM  1*  plti*  •Mfwnrt  iwMMn 
^■nr  tilRflMor  b«  mlmb  mnraMta,  mfciM  ai 
Im  flwriTM  nuilftlm  'qrf  AU  p>rwrrltM  •mw 

fix  (Hitir  i^hMiiMi  ■>«<)"<  d»  iMinl  IMitdH  4i'  u« 
IikINi,  ">i   inAmh'  4'Kilruilitlni  rvui-^l  nChr- 

rilmi  piM  iVMiWirini*  i/v  flftf  Btti*  Mudt  Utld 
fMt  fiui-  IttutM,  M  d'Mabllr  Im  tttbaiM  do 

«iiii'liiir(((«  iiiitf'Tinm  AijiilvtlmitM,  iiii'im 
|iiiiii-r'i  Kiiwilii'  B|i|ill<|iiiii'  iniiiiA<liiit»nii-'it  a 

luOtlldi'  ll'nlv«l|ii. 

"  |i><4  iimid'to  ltii[ii>r)nriia  I'lil  AtA  cAullt^i 

lUii*  >>!'  K"«i'i'  il"  <'h1iiii1«,  wiituiil  nil  }  iJiti'"- 

itiilMiil  l>  |irlii>>l|M>  il<i*  I'lHitiKiori  *iin<hNiKrti<ii 

nTivmil  it'iiiitittii  Hilk  Ai>1hi|Ii«  ilt<  ■iiihIihikiw, 

Wl  Hll  dlKllllnilt  i'uill||i>  lUi  |iHlliia-|i|  Bllt  hhIcuU 

tli«  jiiiiiliiM  Uwwvki'mIim  vt  ilu  l»nicoi>iii>< 

'•  4  1."  iWitrtVi  itititlHlti  iiiiu  ilii|iui* 
ttiic  illwliio  iI'MriuAo)  \i>  |>ul<l«  ilu«  IiH«un«tlvi«, 
MMtiWi'*  i>t  wntfoii*,  II  ii»(it|i|i»iii<iil  miHuixiilA 
lUlta  |>i>wi|ttH  Imilii  l'Ktilii|n'  H  lUi'lt'ilt  uiu 
Itlnuritl*  il'Am^i'li(it«.  I.M  m|iin>iti>iii'  0  tm- 
M*  Hit  l\ill||l'<ta  l>l>  l>IS^«t  (Milh|>l«|  il»  |tvi>a- 
t^ft|ttl»^•  iW  •un>)kiti'|p«,  '|Ml  ■Ml1li»liMil  fi'iir 
IvMtr  t^<Mi|>li>  MVttiolli'iiu-nl  ilw  liiUUa  In*  |>lu* 
tMU^  s'liX'ttUikt  «kt(  lot  vnuiilw  IlKiVM  !«• 
Ifilw  lutnttihH,  tftitt  m  KtiniiMt  i]u'«iiii  ttUl* 


"TIk  boar  i;Mimi»«*tei 


when  tiM  Bonn^  tonh  haw 

ondcr  ihe  fMa  ol  tjfiol  ai 

rumriNniuBciaf  tbc  ttmtj  vf 

mkIi  pUn  or  «*ro  a( 

Tel  J  uttD  the  olcobikM*  il 

mucA  more  odpvitayMM*  t«  i 

lufion  <Mto«  /br  oV,  ud  to 

nt  uniform  (•qtiiTuIrsit  Iiads  wUA  i 

war']*   Ih^  al   nnn-  applied   to  ail 

l-'UKtlin   liadcd  witliout    kiTUig   to   nnk«  a 

(]-(wh  tJtK-ululiuii. 

"  lin|K>rtnnt  pro^reM  ha«  been  rfetwrf  In 
Uii*  kind  uf  c-aU-ululiDii  more  puticularij  If 
llio  iiitmdiiction  of  tbir  principle  o(  "  ife 
li'iiKlh  liMkdod  "  ftoi'vliii;  u  a  basis  for  ike 
■ealii  tif  loads,  nnd  br  eiCendiog  the  tue 
Ihon.'of  to  tho  calculations  of  traosvcne  gir- 
Acn  and  longitudinal  stringers. 

"  4.  —  The  Conprrcss  is  aware  that  durinf 
llw  lant  toil  ycant  llie  weights  of  iMwmotiTw, 
1(^nd«l'■  aiid  wagonK  Uavi>  materinUj  increased 
thrauffliout  iilnmsl  tlif  wliole  of  Europe  uid 
•<i>p«>.'lall;  In  the  I'nitcil  Sintes  ot  Ameiica. 
The  author  hax  nubmittod  to  the  Congresa  a 
i-tuiiplutv  plan  of  lond  if^ulationi  whid 
would  suflce  to  meet  the  rcqulrctnents  of  the 
ltt>a«k«t  tnius  now  ruuniu^--  un  the  largest 
linM  vkm  tho  traJBc  is   greatest  both  in 
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:  irAmOriquo.  II  distinjruo  doux  ^nMi|v^s 
gries  ou  riivuleiit  iU\^  t?'ahis  t\i:trti-lttunfs 
■ion  soulemont  dvs  traifis  hmnfs,  v{  pn*- 
f?  pour  los  ilcux  c'Jis  SOS  i>ivsi'ripti<»ns.  suit 
la  forme  de  traius-tvix^s,  s<»it  sous  t'olli' 
belles  (le  charges  uniforint's  r(|uivi)lerites. 
^unpamnt  o^s  eohelles  aux  prfsrriptidiis 
.i6?s  denii(>rein(?nt  ilaiis  divj-i-s  pavs,  on 
iinait  qu'ellcs  no  paraisseni  pas  rxa- 
;esf,  et  (pie  ijienie  pour  irs  traifts  /mV/v/- 
•ds  elles  ont  deja  ote  depassrcs.  II  pariiit 
rahle  (pie  sur  les  gi-andrs  lignes  intmiii- 
ales  li  voi»j  rt  k'S  |>oiits  aient  inwj  ri'-siH- 
•e  suffisantc  pour  If^  trahis  lonrth,  <;n  y 
posaiit  la  charge  d'»>si<Mi  inn  xi  in  urn  an 
ns  comprise  cntre  14  et  \7j  tonnes (',. 
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i      . 
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Kuro|M*  and   al-o  m   (hi    I  iniid   '>(  tii  l|i 

disliiifiui-'hi''.  ItiMwriMi  U\ii  f'ltitijK  III   liih     Kii 
whii'h    i'ii7;ii  /,i  III  1/     f>ii.*f.«     tint     ii|        iiiipU 
/iiviriy  f;'it/'i^.  iind   Im-  (lti<  (wo  mi-i'»  Iti    -  iili 
niitN  hill  ii'^nliilionr:  •  illuM-  ninlot  Iho  loiiii  nl 
tvpii'nl  (raiipi  or  undor  (lio  rnMti  nr  nfilf.-  m| 
unifoiiuh   di>ilriliitlid  IimhIo       llv  •  niupMi  iii|< 
llic-io    ij  iilni    \\\\\\    l)ii>    to|)ii)iiliMMii    iiti'hih 
piihli»ilii<i|  in  VIM  loiiD  I  iinnliM'H,  il  mil  In    him 
Mini  IIk-v  tii'f  nol  i-tniifn  imIkiI,  tmil  llnil  i-n  n 
ii>i     riyiird'-.    tulmhratu     hiiint    Ijii  v     )<'•'-' 
nlr<-iidj^-    )i«'(  n    ii>itftid    liy    ititnl    •pttilifn 
llonK.      |l  would  ft'*  III  i\i'<nit\i\i    Ijint  IJm    pi  i 
niarfnt   wuy  und   thi-  )nit\in  •  on  tiii|i>    inif  i 
nali/rniil  Itn*--'-  idioxld  If'  of.-iiH}'  m  rd  m  t-.ii-ttin" 

for    hi'tn  tf  h*lhlil    liV    •0:--ijnM(iir     Mi'     tlrifOMilOi 

;ixle   lo:i'l  u\  ;ir«*/  rjifi-  to  I**    u^   \i  i.'   h'  i  "/ '  •• 
II  Air.d  \:»  \i,u-  ft, 

*   '»f.  'Mi/     f  .*,i,{/ti  f..-     ».'    '//    *,^,tHfttt    Ml  I* 

.'  jr;' aSv  «  *•/ r,/J,f,/    r/),/f/:,.  »»,/    ,//  /j  *.',.: 
.r'i.'.   '*:  T?/,  I/;,'  ,;',',    ,*v/'i?/r     /if,',r'  ♦  ." 
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Clever  ocs  limitos  de  8  4  IS  kilogrammeE  par 
millim^tro  carrt.  avec  '/i  environ  en  plus 
pour  lo9  effets  du  vent.  U  est  recomroandabk 
daiis  tous  les  cii»  que  le  travail  admis  no 
d^passe  jamais  la  moiti6  de  la  limitc  d'^lasti- 
ciW  du  rafital  qu'on  emploie;  dana  ie  cas 
d'eCtui'tE  altcrn^,  II  convient  mCmc  do  reduire 
eiKKire  quelquc  peu  cetCe  limite ; 

'  Quant  k  Taction  du  vent  sur  les 
ponle,  on  est  d'accord  prcsque  partout  pour 
se  rallier  nui  roofllcicnts  &x6e  par  les  uig6- 
n  Angieterre  vers  1881  ('). 
"  Toutefois,  les  ingonieure  du  continent 
dans  les  deux  moiidi's  ont  adouci  qudque 
peu  ces  regies  co  admcltant  que  la  prcssion 
de  1 70  kilogramnies  par  mOtre  carrf  suffit  en 
tant  que  les  Ii-olns  sent  cucorc  en  circulation, 
tandis  que  par  un  vent  do  370  ktlogTSmincs 
par  nii^lre  t-an*  le  service  cat  forc&utinl 
inlori-ctmpu. 

"  7.  —  Pour  des  ponta  convenablcmont 
ounstruila,  conrorm^meutauxuonditionscitees 
plus  baut,  il  semble  rteullor  du  travail  du 
recenseDient  du  rapporteur,  concernDut  los 
poids  de  plus  d'un  miUier  da  oonEtructioiis 
citccs  par  les  Administralions,  i|ue  les  qurin- 
tiU^  de  m^tnt  ii  invcstirdans  Ics  pouts  soraicnt 


limits  mnj  be.  ini^reased  to  from  11.400  to 
17.100  lbs  |>er  square  inch  (S  to  12  kilograms 
per  square  milUmetrej  witi  about  one-eighth 
more  for  wind  pressui'e.  It  is  desirable  ia 
all  uaae«  that  the  working  strains  alloiced 
should  never  exceed  half  the  limit  of  claniiriit 
of  the  metal  used;  in  the  case  of  allerualing 
strains  it  is  even  well  to  sUghtlj  reduce  thJt  ' 
limit  still  furllier. 

"  6.  —  As  to  the  acUon  of  the  wind  mi 
bridges  it  is  almost  universallj  agreed  Vi    • 
adopt  the  co-eflicicnts  speeiSed  by  Gngliih    I 
oogincers  in  1881  ('). 

"  However,  continental  engineers  in  Ixiili 
hemispheres  have  somewhat  modified  these 
regulations  by  admitting  that  a  pressure  d 
35  lbs  per  square  tool  (170  kilograms  per 
square  melre)  is  sufficient  so  long  as  trains  ara 
abh?  to  run,  whereas  the  traffic  would  of 
necessity  be  interrupted  bj  a  wind  pressutv 
equal  to  55  lbs  per  square  foot  (*2T0  kilogranu 
per  square  metre}. 

"  7.  —  As  regai'ds  bridges  constructed  in    ■ 
accordance  with  tlic  conditions  laid  don    i 
above,  it  nppeoiv.  from  Che  invcstigattons  of    i 
the  author  which  cover  the  weights  of  more 
than  1,000  structures  supplied  by  the  railwa; 
departments,  that  the  quantities  oF  metal  to 
be  used  in    bridg-ea   lire  upproximatelj  at 
follows  (*)  : — 
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"  Touteiois,  fes  poids  indiqufe.  ne  pouvcnt 
fltroconsidfirfecomme  justifies  pnr  la  pratique 

'    Siport  arthcc 
iinllon  of  wind  prfatare  on 
Ion,  1K<I.    E/re  and  SpotliEwo 

;>:  Celts  *oliell«BainBl,poufilMporl*»jlnl«rni«JlBlrel, 
'iDWrpolaUon  unisUe  reotUlgn?,  Ln  paida  eKta  d« 
L  juu  it  Tolg  el  la  plairUse  de  liois. 


"  The  weights  indicated,  however,  [-luiDot 
be  regarded  as  justified  by  present  praciicc 


II.  tail.  Byre  uid  Spaiuswua 
,'  ThtaKilsadnilla  of  the  Uhu 
.iai)  Tar  inlenncdiaM  siuna.  7 
it  ipcEudB  llw  pennaneat  vay  a 
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IV 

ins) 


actuelle,  que  jusqu'a  des  port<3cs  de  20()  inOti'Os 
environ,  fauted'un  nombresufiisant  d'oxcmplos 
de  ponts  ayant  des  poi*t6es  plus  grandes. 

•  «  8.  —  Enfin,  le  Congrds  estime  qu'il 
i^crait  utile  d'6tudier»  dans  cha(]ue  pays,  si  Ids 
charges  croissantes  impos6es  aux  services  de 
la  voie  et  de  Tinfrastructure,  par  les  vohi- 
cules  de  plus  en  plus  lourds  mis  en  cii*culation 
par  le  service  de  la  traction,  sont  bien  justi- 
fi6es  par  les  b^n^fices  qui  en  r^ultent. 

•*  Cette  6tude  conceme  surtout  la  voie  et 
les  ponts  m^talliques  de  port^^c  moyennc  dont 
la  reconstruction  en  cours  d'exploitation  occa- 
sionne  des  derangements  et  frais  considerables. 
Pour  les  ponts  m^talliques  de  faible  port6e, 
les  remplacements  s'efiectuent  facilement  par 
lancement  lateral  entrc  le  passage  de  deux 
trains.  Pour  les  travees  m^talliquf.'S  de  tres 
grande  portde,  les  reconstructions  ou  rempla- 
cements ne  s'effectuont  pn.'sque  jamais  ((aiu- 
way,  Britannia,  Saltai^h  ,  vu  le  role  jjeu  imfxir- 
tant  qu'y  jouent  les  chargr.'s  mobil«^.  Mau- 
pour  tous  les  ouvrages  coiupri)*  entnj  c/:*: 
extremes  aiiu?i  que  pr>ur  k  voi»%  i'<;fude  doul 
il  s'agit  coiL^ne  une  grande  jmp'^naiKy;. 


oxivpt  up  to  K|mnit  o(  t\i\0  Uh>{  ^xHHk  utiMii^H)  or 
thoivabouts  o\ving  to  want  nf  i\  Hutllrionl 
numbiT  of  ('XiunploM  of  briilg^^rt  nt  U\v\i\^v  hpiui. 

*'  K.  >—  LiiHtly,  tho  (*iinKr«'HH  iMuiniilnrn  timl 
it  would  bo  uKifful  t(»  litiiily  in  (hn  vui'Iimih 
countries  whrthor  thn  incniUHing  Idudn  im 
posed  on  tlin  ponnannriL  way  by  Iho  ovor 
incitHiKing  woigbt  of  rolling  Htin'k  iiiii  pni 
{)erly  warmntod  by  tbti  mivan(iiK(Mi  wlib'li 
they  confer. 

**  ThiHinv<«tigatioii  upplirH  piirlirubirly  In 
the  |icnnnn«^nt  way  and  tlni  iron  bridgfrn  of  a 
medium  Hpan  the  nN'oiiHtriirlion  of  wli)<'h, 
whib;  the  line  ht  ntill  iMiing  workf!<l,  givi^n  rjwi 
U)  much  \iu'Amvt'uU*nrii  imd  to  ronNidiTAbb* 
exiHmditun;,  Ah  r<-gardM  iron  bfidgfii  of 
Krnall  H\tuu,  their  ii;newul  run  t-HMily  Uf 
t'tl'iU'.Usd  by  pushing  therri  on  tnnn  ih«'  tthU'  iit 
the  inti;rval  during  iUn  |KutMig«'  of  tw;  UtiUf. 
Ak  rvigai-dj»  iron  kXrwUmrnitt  vt-iy  \im^  fi\tHm, 
^*:tv^u\^iny•^^*nih  or  n^n^'waU  ntu  huf 'lly  ''Vi 
U:  r-arri'^J  out  ^O/nway,  \Uiiiiuui'.t,  halfiuih; 
on  a/y-ouiit  of  flif;  iiinutiMtnuni  |/4fi  y^Ut^U  th 
uiovihyr  \*/k/U  play  in  Utfjn,  UuK  m  tiyui^i* 
all  kifid>;  '/f  tlni':t.o/<ns  *om\nit^A  fy^w/^f, 
ih'jw;  'ZtMrfw.t  :if»d  'A>o  iu  it'//s$t'U  \i,f  \Mtu,ih 


pour  ;•-•  j» -LU  JLi4r4l,.'.>k ';«;    ,v--..-o.  '.■   .V; . 


.    J---    -.     -.I 


r  < 


y  ' 


■r/y-  '.  f,  .     r'       -1  .,    ■  »•  ■  ;      ^ 


•*     '.  '••:/•-■        :'' 


I  ; 


*■  •  .      ' 


,/    '  /  '• 


•     * 


f  * 


»■  .  •:.,- 


mcmbrcs.  nolamment  Messrs.  Belelubskj, 
MoUe  (Ouest  fraii^^is),  Scheie  i  Suisse).  Ro- 
bcTtEon  (East  Indiau  Railway}.  Bell  dndo 
aogUihra),  de  Kounitskj  (Goui-ernement 
:ieii[]e  (Paris-Ljon-M6di  terra  fi  do  , 
sir  Doufflas  Fui  iManchester.  Sheffield  and 
LtDCoInshire  Railway],  g^nerul  Hulchinson 
(Minist^ro  du  rommcrce,  Grande-Brcta^no], 
Brifire  (Paris-Ori&ns),  Petsche  (Est  fmivais). 
out  prAsent^  de  nombreuses  et  itnportiiiitcs 
obsorvations.  bcaucoup  moins  pour  <;ontrc- 
dir«  Bu  rapport  de  Mr.  von  Lebnr  et  oaatta- 
qiier  lea  conclusions,  que  pom-  foumir  des 
reiiselgnements  corupiemcaUires  et  atfirmer 
le  haut  inlertH  de  la  question.  Les  proposi- 
tions prS«eiit6es  par  le  rapporteur  sous  les 
iiumfims  I"  el&*du  liiiera.4,  ont  6(t  votdrs 
par  la  section  avec  quelques  l^g^rcs  modili- 
cations    acceptSes  pai"  le  rapporteur.  (Voir 

La  proposition  n°  3  du  mfiino  litt6ra  a 
donnS  lieu  a  une  asscz  vive  discussion,  quel- 
ques  membres  rcnlrant,  ii  cc  sujct,  dans  la 
discussion  gOn^rale. 

Mr,  de  Kounitsky  a  pruposS  de  i 
au  3°  eielusivcment  les  indications  c 
ies  trains-types.  II  est  d'avis  que  chaquo  indi- 
n  tendanl  k  re<:oininander  I'emploi  g^n^ 
ral  dcE  surcbai^i's  distribu&s  ^uivalenlcs 
semblerait  condamner  k  tort  k-s  m6thi>des 
graphiques  utilisant  les  eharges  recUes  (coii- 
ccntr^es.  isoiees). 

Finalemeul,  Mr,  Bell  a  6mis  I'avis  qu'eci 
de  I'fipoque  tardive  a  laqucllc  le  rap- 
port de  Mr.  von  Leber,  et  sp^i'ialement  sa 
traduction  anglaisc.  avait  ^te  distribuS,  les 
membres  de  la  section  n'avaient  pas  eii  le 
temps  sutfisant  jiour  I'^tudicr  avec  tout  Ic 
soifi  qu'il  m^rito  pour  recueillir  et  coordomier 
les  rensoigncmeota  eom  pigment  aires  qu'il  y 
Burait  lien  do  prfeenter  u  la  section,  pour 
rediger,  ie  eaa  Scifant,  de  nouvelles  conclu- 
ca  pareillc  matidre,  ne  peuveiit 
etre  improvisetB  pn  stance  et  doivent  etre 
lc)n({ucment  travaillfies  Jk  tfitc  rcpos6e. 

Aprt^  avoir  vote  les  laiieiiations  les  plus 


MesKTB.  Belelubsky.  Moise  ^Western  Hoilnj, 
or  France).  Schfllc  (Switzerland),  Robcnngi 
(But  Indian  Railway).  Bell  (Indi&n  OuTCT»i 
meat),  Gtieniie  [Paris-LyoDS  Railway),  Sti 
Douglas  Fo»  (Manchester.  Sheffield  and  Lra- 
colnshire  Railway),  de  Kotmitsky  (Rudoiaa 
(ioverument),  General  Hutciiiiison  (board  ol' 
Trade],  BriAre  (Orli^ans  Raitnay],  Pctsii 
(Eastern  Rulway  of  Frauce)  made  atiBf- 
important  observations,  more  by  WTiy  of  fti^ 
nishing  supplementary  information  and  mt 
l^asifing  the  importance  of  the  siibjeet  thM 
of  traversing  tlie  conclusinns  preaenl'id  ii 
the  report.  The  ooncluaions  fonnulat«<d  \>f 
the  reporter  imdcr  heads  I  aiid  II  of  litten  i 
were  adopted  by  Iho  section  with  one  or  t»W 
slight  modiAcatious  which  were  aeeeptf^  In 
the  iv[)orter.  (See  Mow.) 


Conclusion  No.  3  of  the  author's  poptf 
gave  rise  to  an  animated  discussion,  »iM 
members  returning  to  the  general  discnssJM 
of  the  subject. 

Mr.  de  Kounitsky  suggested  that  in  Nn.  3 
only  the  stat<:ments  referring  to  typical  trains 
should  be  maintained.  He  eipressed  the 
opinion  tliat  a  lendeooy  to  recommend  the 
general  use  oE  uniformly  distributed  losA 
would  wrongly  appear  to  condemn  graphical 
methods  which  employ  actual  (concentrsied) 
loads. 

FiuaUy  Mr,  Bi'li  eipi'esscd  the  opinion 
that,  considering  the  late  date  at  which  the 
author's  paper  and  especially  the  Englith 
edition  of  it  had  been  distributed  to  the 
members,  it  did  not  leave  the  memb«B 
sufficient  time  to  carefully  study  the  subject 
with  the  attention  that  it  merited,  or  to  col- 
lect and  pivseat  supplementary  informaticw 
to  the  section,  or,  if  necessnry,  to  presest 
further  conclusions  which  could  not  be  fonnD- 
lated  during  brief  discussions,  bat  must  IM 
carefully  and  thoughifully  considered  at 
leisure, 


After  proposing 
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sincdrcs  a  I'^minent  rapporteur,  Mr.  von 
Leber,  pour  son  admirable  travail,  —  une  des 
oeuvres  les  plus  remarquables  pr6sentees  au 
Congr^,  —  Mr.  Bell  propose  de  maintenir  la 
question  k  Tordre  du  jour  des  travaux  du 
Ck)ngr6s  en  invitant  les  membros  qui  s'y  inte- 
ressent  a  faire  connaitre  par  6crit  Icurs  obser- 
vations et  propositions,  qui  scraient  impri- 
mees  en  annexe  au  rapport  de  Mr.  von  Leber; 
de  cette  fa^on,  lors  de  la  prochaine  session,  la 
discussion  serait  parfaitement  pr6par6e  et  d^li- 
mit^,  et  Ton  pourrait  peut-^trc  arriver,  dans 
le  court  espace  de  temps  dont  on  dispose,  k 
une  solution  complete. 

Cette  proposition  de  Mr.  Bell  est  adopts 
par  la  l^  section. 

Apr6s  ce  vote,  Mr  Simon  (Pays-Bas)  annonce 
qu'il  a  d6ja  remis  k  Mr.  von  Leber  une  note 
d'observations  et  des  renseignements  sur  la 
nouvelle  m6thode  relative  aux  6preuves  p6rio- 
diques  des  grands  ponts  aux  Pavs-Bas.  Plu- 
sicurs  membres  annoncent  qu'ils  suivront  le 
conscil  de  M.  Bell  et  I'cxemple  de  Mr.  Simon. 


to  the  author  for  his  admirable  paper  —  one 
of  the  most  remarkable  presented  to  the 
Congress  —  Mr.  Bell  suggested  keeping  the 
question  open  for  discussion  at  the  next  Con- 
gress, and  inviting  members  interested  in  the 
matter  to  send  in  their  remarks  t^)  be  published 
as  an  appendix  to  Mr.  von  Leber's  paper,  in 
order  that  at  the  next  session  of  the  Congress 
the  material  for  discussion  should  be  well 
prepared  and  defined,  and  a  definite  decision 
could  then  be  arrived  at  in  the  short  time 
available  for  discussion. 


The  proposition  of  Mr.  Bell  was  adopted 
by  the  !■*  Section. 

After  this  vote,  Mr.  Simon  (Holland)  an- 
nounced that  he  had  handed  to  Mr.  von  Leber 
a  note  containing  observations  and  data 
referring  to  the-new  method  of  periodical  tests 
for  large  bridges  in  Holland.  Several  mem- 
bers said  that  they  would  follow  the  advice  of 
Mr.  Bell  and  the  example  of  Mr.  Simon. 


CONCLUSIONS. 


ii 


* » 


**  1 .  —  Les  quant it6s  de  fer  employ6es  ou  a 
employer  pour  la  construction  des  ponts 
m^talliques  de  chemins  de  fer  sont  extrSme- 
ment  variables,  abstraction  faite  des  condi- 
tions de  port6e  et  de  hauteur  imposdes  k 
ring^nieur  par  les  conditions  locales. 
*  *  Pour  des  ponts  de  m^me  port6e,  la  quan- 
tit6  de  m^tal  par  m6tre  de  voie  varic  sou- 
vent  du  simple  au  double,  suivant  les  sur- 
charges prescrites,  suivant  les  limites  de 
travail  int^eur  assignees  aux  diverses 
pieces,  suivant  le  systcime  de  construction 
adopt6  et  surtout  suivant  ringdnieur  qui 
di'esse  les  projets. 


*'  l.esformulesg6n6ralessouventpropos6es 
'  *  sur  la  base  de  considerations  tres  logiques, 
* '  pour  cstimer  d'avance  le  poids  d'un  pont,  ne 
••  sont  applicables  que  pour  des  projets  con- 


•  * 


1 1 


t  k 


1 1 


1 .  —  The  quantities  of  iron  used,  or  to 
'*  be  used,  for  the  construction  of  iron  bridges 
*'  are  extremely  variable,  even  apart  from 
' '  the  conditions  of  span  and  height  imposed 
**  on  the  engineer  by  IocaI  circumstances. 


**  For  bridges  of  the  same  span  the  quan- 
tity of  metal  per  foot  of  track  varies  so 
much  that  sometimes  twice  as  much  is 
required  in  the  one  case  as  in  the  other, 
according  to  the  prescribed  loads,  the 
limits  of  internal  working  strain  assigned 
to  the  various  parts,  the  system  of  con- 
struction adopted,  and  particularly  accord- 
ing to  the  engineer  who  draws  up  the 
design. 

"  The  general  formulae,  frequently  sub- 
mitted on  the  basis  of  very  logical  consi- 
derations for  the  purpose  of  calculating 
beforehand  the  weight  of  a  bridge,  are 


njs  ou  une  compagnic  do  i-he- 
I]  est  pr^irablc  de  laivp.  le 
^oidfi  d'un  grand  nombre  dc 
lits  et  de  procedor  par  voif  di? 
I    par  appri 


,"'  Les  t  nil  dresafis  par  le  rapporteur 
■  poun  .  cet  eflbt,  rendre  dos  serricee 

"  utilet,. 

"  2.  —  Les  fiutcliai^es  preEcritcG.  ouant 
'  au  matfiricl  roulant,  ont  une  importance 
"  inajeurc  pour  les  ponts  do  faiblc  purt^, 
'•  oil  elles  priment  absolunienl  sur  les  poids 
"  morts  et  les  effets  du  vent.  C'est  rinverso 
'  pour  les  ponts  dp  gr&ndu  port^  et  loraque 
"  collo-ci  attuiiit  100  metres,  sOreiuent  lore- 
"  qu'elle  dSpasEc  120  metres,  co  sont  les 
''  doui  dornicrs  cQets  qui  joueiit  le  r<^le  le 
■'  pins  important  diius  les  calculs  dc  r6sis- 
' '  taaue,  lesquels,  pour  des  porWos  exception- 
"  ncUes,  aflectcnt  uue  forme  souvent  inat- 
"  tendue. 

"  Aiosi  pour  las  gr&ndes  travtes  du  pont 
"  BUT  le  Forlii  avcc  521  metres  de  porlte.  les 
"  illustres  ingenieurs  sir  John  Fowler  et 
"  sir  Benjajnin  Baker,  qui  en  out  dressfi  les 
"  projets,  Tolatent  que  la  surcbai^  founiie 
"  par  dcui  trains  lourds  n'eicMe  pas  5  p,  c. 
"  du  poids  mort,  " 


'  onl}'   applicable    for  deugtu 

'  drawn  up  for  ibc  same  countrj  or  bj  the      i 

■  Biime  railway  conipanj.     It  is  more  desi- 

'  i^ble  to  prepare  a  statement  of  weigbu  of  J 
'  u  targe  number  of  bridges,  and  to  proceed  | 
'  by  way  of  comparison  or  by  wai  ot  "  trill  . 
■nnd  error".  '  ] 

"  The  tables  drawn  up  by  the  author  mi )i;ht 

■  render  uschil  service  for  this  purpose. 

■'  2.  —  The  loads  prescribed  as  regardii     < 
railing  stock  are  of  great  importance  (or 
bridges   of   small   spans,    in    which   those 
loads  are  ni  far  greater  moment  than  dead 
loads  and  wind  pressure.     On  the  contmr^. 
in  the  case  of  bridges  of  large  span  of  about 
330  feet  (100  metres)  and  certainly  when 
the  span  eiceeds  390  feet  (120  metres],  the 
two  last  influences  play  the  most  important      i 
part   in    the    calculation   of   re5iEla4iix«,      i 
which,  in  the  case  of  large  spans,  often 
unex|>ected  magnitude. 


*■  Thus  in  the  great  spaas  of  the  Forth 
Bridge  with  1,710  feet  (521  metres)  span, 
the  illusttnoua  engineers.  Sir  John  Fowler 
and  Sir  Benjamin  Baker,  the  authors  of  iht; 
design,  state  that  the  load  of  two  heavy 
coal  trains  does  not  exceed  5  p.  c.  of  Hk 
dead  weight.  " 


These  conclusions  are  adopted  by  Hie  general  meeting  which,  on  the  proposal  of 
Mr.  de  Kounitsky,  substituted  in  the  second  paragraph  of  conclusion  i  the  words 
■'  spans  of  the  Forth  Bridge  "'  for  the  existing  words  "  arches  of  the  Forth  Bridge  " 
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APPENDIX  I. 


Note  on  Iron  Bridges 

By  Mr.  SIMON 

MEMBER  OF  THE  COUNCIL  OF  SUPERVISION  OF  THE  DUTCH  RAILWAYS 


In  Holland,  the  State,  as  well  as  the  Railway  Companies,  sees  that  bridges  of  large  span 
are  sufficiently  strong. 

The  Companies  undertake  the  maintenance  of  the  bridges  and  give  particular  attention  to 
the  removal  of  rust,  the  painting  of  the  metallic  parts  and  the  renewal  of  rivets  which  have 
become  slack,  while  the  State  undertakes  the  tests  which  are  made  to  prove  the  strength  of 
the  metallic  structure. 

Very  complete  tests,  made  on  the  majority  of  our  bridges  after  construction,  have 
furnished  data  which  help  us  to  decide  upon  the  best  method  in  actual  practice. 

It  is  at  once  seen  that,  in  order  to  test  the  strength  of  a  bridge,  it  is  not  suilicient  simply 
to  measure  the  deflection  produced  by  any  load  whatever  on  the  bridge.  Besides  it  is  not 
an  easy  matter  to  do  this  without  interfering  with  the  traffic,  and  consequently  little  reliance 
can  be  placed  on  the  results.  If,  eitlier  in  the  calculations  or  in  the  construction,  a  mistake 
is  made  sufficiently  serious  to  cause  the  structure  to  fail  under  certain  conditions  of  loading, 
but  if  this  only  applies  to  one  particular  part  of  the  bridge,  the  eifect  which  it  would  have  on 
the  total  distortion  would  be  so  insignificant  as  not  to  be  measurable  in  the  deflection. 

As  theory  does  not  afford  exact  methods  of  calculating  the  strains  produced  by  blows  and 
as  in  practice  there  are  inevitably  very  many  circumstances  which  cannot  be  taken  into 
consideration  in  the  calculations,  the  conclusion  has  been  come  to  that  it  is  better  to  prove 
the  strength  of  the  structure  by  a  detailed  examination  of  all  the  metallic  parts  than  to 
repeat  the  calculations  for  the  increased  loads  w  hich  have  lately  been  adopted. 

To  make  these  investigations  the  State  has  at  its  disposal  twenty-foui*  Manet  apparatus, 
well-known  instruments  which  are  used  to  measure  the  variations  of  length  of  the  metallic 
parts  caused  by  the  strains  which  the  load  produces. 

As  these  variations  are  almost  imperceptible,  the  object  of  the  instruments  is  to  enlarge 
them  by  means  of  gearing  which  acts  on  a  needle. 

The  instruments  are  furnished  with  clamps  for  holding  tlie  pie<!cs  to  be  tested :  tlie  two 


B_v  lliisarrangemeiil  lliev  ran  be  lis-ed  qiiile  close  to  the  joinis  which  are  siraiiiuil  nol  nnly 
in  tenaion  but  also  by  bcmling  on  accuunl  of  Iheir  slilTness  anH  have  therefore  to  siniiil  » 
y  high  strain. 

The  nrrangeracDl  is  such  Ihal  the  clumps  can  be  flxed  and  released  very  <{uickly,  so  Ihtl 
it  is  possible  to  inn).c  u  f^cal  number  of  iesls  in  a  short  time.  Thus  the  total  number  of 
appliealions  of  the  iiistruinenis  during  Ibc  pnssage  of  one  train  generally  reaches  thirty. 
A  very  simple  and  efTeclive  imlicalor  registers  the  movements  of  the  i 
passage  of  the  trains. 

The  use  of  these  inslrumcnts  has  given  some  interesting  results,  both  : 
which  arc  foiinii  to  exceed  their  theorelieni  values  and  also  as  regards  ollie 
theory  takes  scarcely  any  account.     Thus  it  is  shown  that  the  wind  brarii 


during  the 

regards  strains 
hich 
lit  hough  ilierf 
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may  be  no  wind  at  the  time,  is  strained  to  an  appreciable  dogrei^  during  Itio  |iiiMMH|t««  <*f 
trains. 

The  instruments,  by  means  of  which  it  can  generally  be  M(M«n  >\tiiilticr  (ir  mil  (hit  Minilii 
exceeds  the  limits  allowed,  are  not  sufficiently  accurate  for  a  UiorouKli  liivitMllKiilJiin  of  iiiiy 
doubtful  point. 

For  this  purpose  an  instrument  has  been  made  which  rcqiiircM  Itie  iimMif  ii  mlcniMciiiii'  In 
determine  the  variations  (fig.  7). 

Two  clamps  are  filed  to  the  piece  to  be  tested  and  are  united  by  ii  copper  IiiIik,  imm^  immI  iif 
which  is  held  by  the  first  clamp,  while  the  other  end  can  Nllde  In  n  clrrulnr  IioIm  iniidit  In  lliit 
second  clamp. 

Two  very  thin  rods  of  triangular  section,  free  to  Hiide  parallel  to  IIm<  tiilH*  In  groovi'ii  ml 
in  the  second  clamp,  are  moved  respectively  by  two  tappeU  IUimI  to  tin*  ImIms  In  mii'li  m  ¥fiiy 
that  when  it  slides  in  either  direction  it  produccH  a  dlMplacfmenl  of  onit  or  of liitf  of  fh^  rinln, 
Upon  these  rods  and  the  second  clamp  are  marked  trnni»verMi  IfiM^ti,  fliit  vnrlMbM  tUnUtiit'H 
between  which  is  measured  by  the  mlcroMcope  :  the  iaffifr  hiiH  I  ho  purMlliil  iUvfmin  itwi  tt 
micrometer  screw  on  the  eye-piece.  The  reading  on  Ifie  iitU'rotml**r  m'^kw  gU^'ti  ffi^f 
movement  of  the  needles. 

Id  genera!  it  may  be  stated  that  tfi^  ytlutn  un*  the  y^fttUfMi  purf**  of  h  fn^'lMlfk  ttirinitin^, 
The  investigations  on  the  ftiiding  of  riietH  joiritu  t'MrrM  oof  by  JHi'Mifii  i^ttmUti^r*'  hwI 
Dupuy  in  France  and  by  Mr.  Ba«rh  in  G#moany«  »«  H#'fl  nh  fb#HMf  wtdi'b  H>  hn^f  nwls'rittU^tt, 
have  proved  to  us  that  an  appreeiabk  sliding  mttft^fftrtii  in  prodiM-^^d  Mi  Uttwl  tii^lt'^i  loittlt^ 
with  a  slightly  high  t^fiijtil^  ftlrarin.  If  v^ouUi,  ilnrffltfrt*,  fi^  )nf^ri'«fM«g  f^/  ktto/*  ¥fUHl  M 
the  limit  of  sliding  mo%^nt«rrit  rrst€:l»Kti  hy  r$^*:i«^4  johiU  In  9n**ii4Uu  t^ltuf  Ittrfti 

If  this  sliding  t^  apprerikbUr  the  ri%^%  I^^^/mmt  Unntti  Htt»l  n  Uff^  of  r#ii»l  ¥fh^lf  ion^t**  ptt*thti 
Ibetr  bead**  ibdi^at^^  lb*-  defrHiv^  Kl^fi^  #4  Oi«  j#^M.     If  U,  llt^ffiop*'    \ui\ffff^ftiii  Ut  thf*'*4f 
gale  how  £ar  *lidiK.g  iu  ift*: yAbU  ^jbu  tuk^.  ph^^.  x^ifl^^^f  \tfhthi*  ih%  Uttn  tUi*-*  i 

For  tlM;^  i&^^vtj^fv/i^  %\^  %^n;^,  %39$^  ;^|^r*fok  H  h*^4  ohh  //tiU  fbi*  d^^^^^^>^  Off^^ 
tfcc  Ha»p^  art  tmsjij^  :&  »o^  *  »*^  fl^l  //^^^  //?  Ut^  |^/i/#f*  '^  ^tp^ffi  t-nh  1^  f*f*'4  *f**  '^^ 

f.'trp    *':.;,ri*   n*^.-t    tWrt^  4»*^«mr  '^A^*^     •♦♦*##      '.-.^    -./A>.-*""V'.    '  •-•    '^'*'     *^'    ''"'    ^'      *   "'      '  *' 
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trains  running  on  to  the  bridge ;  thai  tlie  vertical  plates  of  the  lop  chords  were  bucliled 
ftnd  underwent  a  bending  movement  at  (he  passage  of  each  train;  thai  the  wind  bracings 
of  some  bridges  were  not  of  sufficient  section  to  resist  sudden  shocks;  and  that,  in  general, 
the  flat  bars  which  form  the  diagonals,  allhoiigh  of  suflicient  section,  were  lou  thin  to 
resist  transverse  oscillations. 

But  after  all  the  pieces  which  compose  the  metallic  structure  have  been  Ihus  examined 
and  the  defects  more  or  less  remedied,  it  must  not  be  thought  th.it  a  perfect  slate  of  security 
bos  been  obtained  as  regards  strength. 

There  is  just  a  chance  thai  some  defect  has  escaped  notice  in  the  c&aminalion,  and  from 
this  another  defect  might  arise. 


In  order  to  be  able  to  nay  if,  after  a  certain  iolcrval  of  lime,  the  metallic  Nlrui-lure  is  still 
in  tbe  same  condition  as  at  the  previous  examination,  it  would  be  necessary  to  lind  out 
whether  or  not  the  geometrical  form  had  changed.  And  if  u  parliul  viiriation  was  disco- 
vered, then  one  would  be  able  to  say  what  pieres  or  ^vhat  riveted  joints  were  the  cause 
of  it.     A  minute  investigation  of  lh<^sc  details  would  Indicate  the  hidden  defects. 

The  investigation  of  the  geometrical  form  of  lattice  girders  would  entail  considerable 
labour;  it  is  simplified  by  determining  thu  form  of  the  lower  chord  only.     For  this  purpose 
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one  would  have  lo  measure  the  vertical  distance  of  a  series  of  points  on  the  chord  in  one 
plane,  but  this  method,  requiring  as  it  does  the  use  of  levelling  instruments,  would  not 
give  sufficiently  accurate  results.  Besides,  it  is  preferable  to  measure  the  inclination  of  the 
chord  at  the  middle  of  the  bays,  when  a  distortion  at  any  particular  point  would  be  indi- 
cated bv  a  variation  in  these  inclinations. 
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Figs  8  lo  10.  —  hutrument  fur  measuring  the  variation  of  the  slopes  of  the  vertical  plate* 

of  the  lower  chord. 


Tfie  instrument  use<i  for  this  purpose  is  composed  of  a  level  resting  on  two  supports  of 
whi(*h  one  is  fixed  while  tlie  other  can  be  moved  in  a  vertical  plane  by  means  of  a  micro- 
niet«»r  screw  (ligs.  8  to  10., 

The  iiistniinenl  is  placed  on  the  top  edge  of  the  \ci'lical  plate  forming  part  of  the  lower 
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chord,  the  points  of  support  resting  in  punch-marks  made  in  the  edge.  When  the  instru- 
ment is  in  place,  the  bubble  is  brought  to  the  centre  of  tlie  tube  by  means  of  the  screw,  then 
it  is  turned  end  for  end  and  again  brought  to  the  horizontal  position;  the  readings  of  the 
micrometer  screw  are  taken  in  the  two  positions.  The  difference  of  tlie  readings  thus 
obtained  gives  the  double  of  the  slope  while  their  sum  is  always  the  same,  thus  checking  the 
readings  (figs.  11  and  12). 

First  position. 


Ficr.  11. 


•  •0-a 

OF'  fr  •« 

»'\i    (ha) 


Position  reversed. 


I'lg.  12. 
Fig.  11  and  12.  —  Representing  the  level  in  the  two  positions. 

In  consequence  of  the  continual  distortions  which  tlie  structure  undergoes  through 
variations  of  temperature,  it  is  necessary  to  choose  the  lime  of  day  when  this  is  almost 
4!onstant  to  make  the  experiments.  Generally  it  is  sufficient  that  the  sky  he  overcast,  but, 
in  order  to  form  a  correct  idea  of  the  influence  of  temperature,  two  instruments  should  be 
used,  one  being  placed  near  the  support  of  the  girder  where  a  change  of  temperature  shows 
the  most  marked  variation  in  the  slope  of  the  chord. 

Then,  every  time  that  a  measurement  is  taken  with  the  second  instrument  of  the  slope  in 
all  the  successive  bays  of  the  same  chord,  a  measurement  should  also  be  taken  near  the 
support. 

If  the  latter  figures  are  as  near  as  possible  the  same  in  each  case,  then  those  obtained  by 
the  Seconal  instrument  can  be  taken  as  satisfactory ;  if,  however,  the  difference  becomes 
marked,  then  the  experiments  are  stopped  and  made  under  more  favourable  conditions 
another  time. 

Great  care  must  be  taken  to  protect  the  points  of  support  from  rust  which  often  forms  on 
the  top  edge  of  the  chord. 


The  superintendence  of  the  testing  of  new  bridges  as  well  as  of  the  periodical  testing  of 
lattice  bridges  is  one  of  the  duties  of  the  Council  of  Supervision  of  Railways. 
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Mr.  Schra*der  van  der  Kolk,  the  engineer  specially  appointed  by  the  State,  with  the  help 
of  a  deputy  engineer  and  two  assistants,  has  charge  of  the  scientific  investigations  under  the 
direction  of  the  above-mentioned  Council. 

It  is  he  who  arranged  the  new  method  relating  to  tests  for  bridges  of  large  span  in  Holland 
and  who  made  the  improvements  in  the  Manet  apparatus. 

It  is  also  to  him  that  we  owe  the  use  of  the  level  to  detect  partial  distortion  in  lattice 
bridges. 

The  Hague,  June  d895. 


APPENDIX  II. 


in  the  report  by  Max  Edler  von  Leber. 


Page  IV/83  throughout  the  table  itself,  the  letter  m  has  been  put  instead  of  the  letter  K 
(K  =  kilog.  per  square  millim.). 

In  the  explanations  (Idffende  eccplicaiive)  of  Plate  I  following  page  IV/102(*),  instead  of:  ••  9i  and 
ll  trains  lourds  "  (Heavy  trains),  read  :  •*  trains  extra  lourds  *'  (Extra  heavy  trains),  and  ifistead 
of :  •*  tt'  and  1|'  trains  extra  lourds  ",  read  :  **  trains  lourds  "  (heavy  trains). 

The  last  paragraph  in  large  print  on  page  IV/97  should  read  as  follows,  in  accordance  with 
the  correction  as  published  in  the  French  Bulletin  of  June  1895  (2"'*  part),  p.  2626  : — 

**  The  Viaur  bridge  on  the  line  between  Carmaux  and  Rodez  erected  lately  for  the  French  State 
with  a  single  track  (below  the  top  chord)  by  the  Societ6  de  construction  des  BatignoUes,  carries 
the  line  at  a  height  of  306  feet  (111"^8)  above  low  water  mark,  by  means  of  a  central  arch  of 
721  feet  (220  metres)  span.  " 

(1)  See  also  the  separate  ixsue  n*  22  in  red  covers. 
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